Computing shortest, fastest, and foremost journeys in dynamic networks by Bui-Xuan, Binh-Minh et al.
HAL Id: inria-00071996
https://hal.inria.fr/inria-00071996
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Computing shortest, fastest, and foremost journeys in
dynamic networks
Binh-Minh Bui-Xuan, Afonso Ferreira, Aubin Jarry
To cite this version:
Binh-Minh Bui-Xuan, Afonso Ferreira, Aubin Jarry. Computing shortest, fastest, and foremost jour-
neys in dynamic networks. RR-4589, INRIA. 2002. ￿inria-00071996￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
45
89
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Computing shortest, fastest, and foremost journeys
in dynamic networks.
B. Bui Xuan — A. Ferreira — A. Jarry
N° 4589
Octobre 2002
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65
 
				 	!"#$% 	'& )(*
+,"(*%-.	0/12345
68796;:=<)>8:@?BA@CD@EF7@G@HJI+IKHL<MIK?OND@EP7RQO?BIKIS=T
U)V0WX3Y3Z\[^]_+`aY+bdcfeYhgi`ajf`kglWX3Y+`
m9naodpkYhgiqrbd`lshodgtglY
]$bvu0uwoLntg$xfYynlY+szV{Y+nlszV0Y}|B~JddP[\shgaod0naYvLL[fZu0bddY+`
+{dd  YglY+szV{|{oLoLdY+`
bd|0xgaV0YPxfY+u{ojX3Y|Jg
odX3oL{Ybd|0x|{odX*bLxfs`tY+nashY+`bvnlY
x{na|{glV{YY+X3YnldY|wshY
odsodX3u{Yhe shoLX;X!c{|{sbvgaod|0`y|0Yhgkodnl¡`+¢gaV0bvg!V0b£LY
brV{dV{jFx{jJ|wbvX3s
BYVwb£JodnK¤¥U)V{`|0bglc{nzbvjyY+|{dY+|0xfYnz`|{Y¦naoLcfgaY§¨xf`lshodY+naj©u{nlod{YX*`c{|0xfY+n9szV0bv|{L|0©shoL|0xfgaod|0`
oLYnOglV{Y+`aY9|{YgkªoLna¡f`+¤«$|f¬oLntglc{|0bglYjd¢KgaV0Y@gaY+X;uBodnzbvd£bdnabgloL|0`O|ygaV{YR|{Yhgkodnl¡gaoLuwoLoLdj\bvnlY@V0bvnzx
glorwY*Y­BYKs®glLYjPsbdufgac0naYKx|¯bshbd`l`tsbd@dnzbvu{VFX3ox{Y°¤
±²|FgaV{`u0bduwY+n+¢ªY3c0`aY
bv|wxPYegaY|wxFb
nlY+sY|Jgaju{nloduBoL`aY+xrLnlbdu{VrgaV0YodnlYhgls!X3ofxfY³8gaV{Y3YLod|{dnzbvu{Vw`³O¢ V{szVPV{Yu0`sbdufgac0naY!gaV{Y
Y+doL|{szV0bdnlbLs®gaY+na`tgas)ov¥`ac0szV
|{YgkªoLna¡f`+¢d|odnzxfY+n9gao!u{nloduBoL`aYibv|0x*¬odnlX3bdj3bv|0bdj´Y©YKbd`tgªshoJ`kg
µ¶v·f¸®¹Bº»£¼R½ glV{Ybv|0bdoL$ov0uwbgaVw`|;c0`tcwbvJdnzbvu{V0`z¾ |!b\shbd`l`ovwxfj|0bdX3sª|{Yhgkodnl¡f`¤=¿ªoL`tgX3Y+bL`tc{nlY+`
|dYK`kglJbgaYKxFV{YnlY
bvnlY*V{odu¯sodc{|Jg ½k¼zÀ¶¸®Á²ºh¼zÁ pkodc{nl|{Y+j`z¾®¢=bvnlnlbvªx{bglY ½ÃÂh¶v¸aºhÄ*¶£¼®Á pkodc{nl|{Y+j`z¾®¢=bv|wx
glX3Y`au0bv| ½ÃÂhÅ¼®Á¨ºh¼®Á pkodc{nl|{Y+j`z¾®¤
ÆrÇJÈOÉlÊË Ìd xfj|0bvX3s|{YgkªoLna¡f`+¢OnaoLcfga|{0¢Ou0bvgaV0`+¢pkodc0na|{Y+jf`¢ Y+dod|0
dnzbvu{Vw`¢Odnzbvu0V0`¢ ÍÎª
`lbglYgaY|{YgkªoLna¡f`+¢JÏ{efY+x§²`aszV0Y+xfc{Yyxfj|0bvX3s\|{Yhgkodnl¡f`¢dnzbvu0VbvdoLnagaV0X3`
ÐÑÒ£ÓÕÔ)Ö ×®ØÚÙ3ÖÛzÔ$ÜÛzØÚÝMÓÞÛzßÕß à
Ô°áKÜ£Üv×®ØÚÝMâkã8ähà*Ý°Ò£âå9æLç®æJè8Ûzé²ÝMÓÕ×®êrë@ì®ídî®ïªðñÛzêKãÝMÒ£âòwáKØM×®ÜvâtÛzê8ó0òwÑ¦Ü£ØÚ×zôMâké²Ýå9èvõ+öt÷÷æø òBù=úhûýüJàh×®êJþÿ Kþ£ÛzßÕßkâ@ã Ý¨ÛzßÕÓÕâ®þ 		
	
üLàh×®êJþóØMÛzê£ékâ
 ùúödèú+×®ÜKÒ£ÓÞÛêhÝ°ÓÕÜv×®ßÕÓÕÔtþ 	
	
zÿ£þ!BÝ"ã£âkÔ=üJá£ékÓÕ×®ßÕâtÔtþ
	 		
	 iú+×®Ü£Ò£ÓÞÛêÝMÓÕÜv×®ßÕÓÕÔ  âkã£â$#LþvóØMÛzê£ékâ	
&%×®ê£Ô°×' óâkØÚØMâkÓÕØMÛ(Ô°×®Ü£Ò£ÓÞÛ) ÓÕêKØMÓÞÛ) %Ø*
+ ö,-dè ú+×®Ü£ÒKÓÞÛ.êÝMÓÕÜv×®ßÕÓÕÔaþ/ 	
	
zÿ£þ0BÝ" ã£âkÔ*üá£ékÓÕ×®ßÕâkÔaþ0
	 		
	 Fú×®Ü£Ò£ÓÞÛ1êhÝ°ÓÕÜv×®ßÕÓÕÔ  âkã£â$#LþióØMÛzê£ékâ	
á£ä£ÓÕê! 2ÛzØÚØ¬à3(ÔM×®Ü£Ò£ÓÞÛ) ÓÕê£ØÚÓÞÛ) %Ø4
  h-)  " 	\& 	 h   -	 h   8"	 
 + 	y	 "  
	,"(*%*5
    ÍYK`y|{odc0dYY+`glY+szV{|{oLoLdY+`Yg!Yxf_u0oLY+X;Y+|JgxfY`aYnlJshYK`y|{oLX3bLxfY+`YhgX3od0Y+`
oL|Jg3u0naoLoJc{_ _X3Y+naLY|0sY8xfYrnl_+`aY+bdcfe¯xfY shoLX3Xc{|{sbvgaod|shodX3u{YhefYK`3Yhg
xfj|0bvX3Jc{Y+`+¤'¿ªY+b
Y+|{dY+|0xfnlY|0bvgac{nlYYX3Y|Jg;x{Y|{oLc{dYKbvcfe u{nlod0W+X;YK`!x{YnlodcfgzbvLY
Y|¦Y|nlod|{|0YX3Y|Jg;x{jJ|wbvX3Jc{Y
`ac{nRsY+`@nl_+`aY+bdcfe ¤qrbdV0Yc{nlYc0`aYX3Y+|LgK¢dY+`@bdnabgloL|0`gaY+X;uBodnlYY+`@|{YiuwY+c{dY+|Lgªu0bd`ganlY)ganzbvga_+Y+`9xfY
X*bd|{W+naYiY
sbLshY$u0bdnRYiX3ofxfWY©x{Yidnzbvu0V{Y+`ªshbd`l`tJc{Yd¤©bd|0`RsYhgbvnagashYd¢L|{odc0`ªcfgl`aod|w`RYgxf_+dYh§
odu0uwoL|0`)c{|8X;ofxfW+Yx{Y\Lnlbdu{V{YK`ªnl_+sYX3X3Y|Jgu{nloduBoL`a_d¢YK`)dnzbvu{V0Y+`_LodcfgaÚ`¢ Jc{ uBYnlX3YhgagaY|JgixfY
X3Ycfe;X*b"!ganl`aYn@Y+`@u0naoLu{na_hgl_+`_LodcfgadYK`@xfY$shYK`@nl_+`aY+bvc{eO¢Lx{bv|0`=Y{cfgxfY$sbdsc{Y+n@Yhgªx# bd|0bvjf`tY+n
Y+`ªglnlbvpkYhgl`Y+`)u{c0`)uBYna¬odnlX*bv|Jgl` ½ $ _Jc{bdY+|Lg$xfYK`szV{YX3|0`x{bd|0`YK`ªLnlbdu{V{YK`ªcw`tc{Y+`z¾®¤@Í¥Y+`%Jc0b§
ga_+`3nlY+szV0YnzszV{_YK`Yhg
Yc0n;X3YK`tc{nlYshodnlnlY+`auwoL|0x{bv|JglY`aod|Jg;Y|{odX!{nlY8xfYr`lbvcfgz` ½ glnlbvpkYhgl`;Y+`3u{c0`
sodc{nagl`z¾®¢b¯x{bvgaYFx& bdnanld_Y ½ ganzbpkYgl`bdc'u{c0`
g('vg®¾*Yhg8YgaY+X;uw`xfYPu0bvnzshoLc{nz` ½ ganzbpkYgl`YK`u{c0`
nzbvu0xfYK`l¾h¤
)Ë K É +*    na_K`tYKbvcfeFxfj|0bvX3Lc0Y+`+¢nlodcfgzbvLYd¢szV0YX3|w`¢ganzbpkYgl`+¢Lnlbdu{V{Y+`_+doLcfglÃÚ`+¢dnzbvu{V{YK`¢
nl_+`aY+bdcfe`lbgaY+glbvnlY+`)Í¥Îª!¢0na_K`tYKbvcfexfj|0bdX3Jc{YK`%,;s+bvY|0x{naYnÏ{ef_d¢wbvdodnlgaV{X3Lc0Y\xfYK`)dnzbvu{V0Y+`
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ 
  	*"-R	h!
±²|{¬nlbL`kglnac0shgac{nlYY+`l`X3od{Y$sodX3Xc0|{s+bgloL|;Y+|Jnlod|{X3Y|Jgz`¢d`ac0szV*bd`=X3oL{Y$bdxf§°V{ofs)|{YgkªoLna¡f`=bv|wx
o YKbvnagaVFodnl{Ãgl|0 ½ Í¥Îª¾\`lbgaY+gaY*`tjf`tgaY+X3`+¢u{nlY+`aY|Jgyb8u0bvnzbdxfdX `aV{ýgy¬naoLX 0bdsz¡Bod|{YKx |{Ygt§
odnl¡f`¢{`ac0szVrbd`ishYc{bdngaY+Y+u{V{oL|JjL¢{|gaV0bvg©x{bgzb3`$ganzbv|0`t¬YnlY+x¬nlodX |0ox{Yygao*|{ofxfYJb3uBYYna§°gaov§
uBYY+nª|JgaY+nlbLs®gaod|w`Rbv|wx*|{ovg)odY+nªbd|
c{|0xfY+naj|00bLsz¡JBod|0Y$ovnlodcfglYnz`¤  bvgac{nzbvjd¢LgaV{`Y|{LY|0xfY+nl`
|0Y u{nlod0Y+X3`;nlYJbvnzxf|0odu{gaX3bd)naoLcfga|{Fov©x{bvglbPc{|0xfY+n*bvnloLc0`!sod|0x{ÃgloL|0`;odYn!gaV0Y+`aY8xfjJ§
|wbvX3si|{Yhgkodnl¡f`¤±²|
glV{`)`aYhgaga|{0¢JgaV0YidY+|{Ynzbv´Y+x*s+bd`aYiodX;oL{Y©|{Yhgkodnl¡!nlodc{ga|{c0`a|{!`aV{odnagt§
YK`kgyu0bvgaV0`oLnYKbd`tgysoL`tgyX;YgaV{ofx{`ybdnaY3shoLX3u{sbvgaYKxjrglV{Y*bvnl{ÃglnlbdnajX3odY+X3Y|Jg\odªglV{Y3X3od{Y
bddY+|Lgz`)gaV0YnlYjY+bLxf|0*gao*bvnlbgaod|w`|r|{¡rshoL`tgl`ibv|0xrsod|{|{YKs®glgkj  ¤)«i|f¬odnagac0|0bglYjd¢wgaYX;§
uBodnzbvxfYuBY|0x{Y|0sYK`$|r|{Yhgkodnl¡f`gaoduBododLYK`$bvnlYyV0bdnlxgaowYY­BYKs®glLYj8s+bvufglc{naYKx| b*sbL`a`asbv
Lnlbdu{VX3ofxfY°¤=U)V{`=|wbgac0nlbdjyX3ovgabglY+xgaV{Y`tgac0xfjod|;X;ofxfY+|{`tcwszV;xfj|0bdX3s+`¢vbd|0x!x{Y+`aL|{|0
bdLodnlÃglV{X*`ªgaV0bvgglbv¡LYÃg$|Jgao*bds+shodc0|LgK¢¬odnX3odnlY©gaV0bd|¬oLc{n$xfYKsbdx{Y+` {¢ Z+  ¤
 ovgaYL¢9V{oYLYnK¢¥glV0bg!¬odn!gaV{YsbL`tY
od©Í¥Î`abvgaYÃglY`aj`tgaY+X*`¢9`aY|0`aodn!|{Yhgkodnl¡f`bv|wx¯ovglV{Yn
X3oL{Y;|{Yhgkodnl¡f`$gaVu0naYKxfY+`tga|{Y+x ganzbpkYKs®gaoLnaY+`iov9glV{Y3X3od{Y3bvLY|Jgl`+¢BgaV{Y;|{YgkªoLna¡xfj|0bvX3s`
bdnaY)`aodX3YV0bvg=x{YhgaY+naX3|{`kglsd¤ÍÎª`lbgaY+gaY)|{Yhgkodnl¡f` {¢fZf¢{¢fZ  |;u0bdntglsc{bdn+¢vsodX3Xc0|{s+bglY
b ý¹wÁ¨º¸¨¼ÅÁ²º ýÁ¨º!"ý¹$#K¼8½ ±&%fÍ  `l¾!BYhgkYY+|`lbglYgaYK`;gaV0bvg*bdnaY8|¦nzbv|{LYod©YKbdszV odgaV{Y+n+¤(' V{Y
±&%{Í  `yshod|0|{Y+shga|{r`tc{w`tYLc0Y|Jg`abvgaY+ÃglY+`|FgaV{Y
`lbvX3Y3odnl{glbv@u0bd|{Y ½)ý¹0Á°¸aÅ*Åv¹BÅ¸ ¾xfo|{ovgbdnaj
gaV gaX;YPwYKsbdc0`tY gaV{YF`abvgaYÃglY+`
X3oLYrÃglV ´Y+nao¯nlYbglLY bv|{Lc{bvn
LYosÃgkj gao¦Y+bdszV'odgaV{Y+n+¢
ý¹wÁ¨º¸+*Å¹BÅv¸ ±&%{Í  `¢ BYhgkYY+|F`lbglYgaYK`©| xfÃ­OYnlY|Jgyodnl{glbdu0bd|{Y+`+¢ bvnlj bd`©gaV{Y*`lbglYgaYK`©X3oLY
| bd|0x odc{g!ovnzbv|{LY
ov$YKbdszV odgaV{Y+n+¤U)V0`!naYK`tc0Ãgz`|¯gaV0Yxfj|0bdX;s*gloduBododLjovglV{Y|0Yhgkodnl¡B¤
,ioªY+dY+n+¢`a|wshY3gaV0Y*ganzbpkYKs®gaoLnaY+`\odªglV{Y`lbgaY+gaY+`ybdnaY*¡|{o| bvV0Y+bdxPov)glX3Yd¢g`yuBoL`l`a{Y3gao
Yefu{oLÃg)glV{`ixfYhglYnlX;|{`tX |8odu{gaX;´|{*nlodcfgl|03`tganzbglYLYK`¤
©c{nyodnl¡rxfY+bd`\gaV shoLX3Xc{|{sbvgaod|P`l`tc0Y+`\| `ac0szVP|0Yhgkodnl¡`+¢OV{Y|wshYh¬oLntglVPnlYh¬Y+nanlY+x gaorbd`
-  º/.¼10hÀº2.·3º4.»¹BÅvÄ560
¹BºÁ87R¶v¸2#+¼½89 %    `z¾®¢¥V{YnlYglV{YgloduBododLjx{jJ|wbvX3s+`©bvgx{Ã­OYnlY|JgiglX3Y
|JgaY+nabv`sbd|BYyu{nlY+xfs®glY+x ½ `aYY 9 dc{nlY3ZK¾h¤:'PYs+bv|r`tc0u{uwoJ`tY\glV0bg$YKbdszV8|{ofxfYbv|0x8YKbdszV8Y+xfLY\od
b 9 %   shoLX;YK`\ÃglV b8`tgyovªgaX;Y*|JgaY+nabv`+¢naY+u{nlY+`aY|Jga|{
glV{Y*u{nlY+`aY|0sY;`lszV{YKxfc{Y;oLYn©gaX3Yd¢
u0c0``aYhgz`ovªY+LVJgl`¬odn)glV{YyY+x{dY+`+¢fnlYu{nlY+`aY|Jga|{;Y+|{vglV¢ganzb£dY+nl`lbvOshoJ`kgK¢ganzb£dY+nl`lbvwgaX3Yd¢{Yglsv¤
iglV{Yn$odnl¡f`naY+bvgaY+xgao;glX3YxfY+uwY+|0xfY+|Lg$|0Yhgkodnl¡`)s+bv|wY¬oLc{|0x8| f¢Z  ¢Z£  ¢0V{YnlY;0o
bdLodnlÃglV{X*`RbdnaY\`kglc0xfY+x
|`tglbvgasi|0Yhgkodnl¡`RÃglVYKxfdYiganzb£dY+nl`lbvfglX3YK`RglV0bg)X*b£j
xfYuBY|wx
od|gaV{Y
|c{X!wY+n=ov$;0o c{|{gl`ganzb£dY+nl`a|0$Ãg9bvg=b©ddY+|X3odX3Y|Jg+¤±¨{glnlb£LYnz`abdvgaX3Y+`=bvnlY)xf`lshnlYhglYd¢£glV{Y|!gaV{Y
bdu{u{nloLbLszV u{nloduBoL`aY+x |<   ¢|0bvX3Yj odªYhefu0bd|0xf|{8gaV{Y3oLnad|0bv=Lnlbdu{V|Jgaob£jLYnz`\naY+u{naYK`tY+|Jga|{
glV{YgaX3Y$`kglYu0`+¢vX*b£jyªoLna¡\¬oLn9shodX3u{c{ga|{y`tY+dYnzbvJu0bvgaVf§¨naY+bvgaYKxu{nlod{YX*`+¤U)V{YglX3Y$shoLX3u{YefÃgkj
¬oLnshodX3u{c{ga|{;`aodcfgloL|0``|0shnlY+bL`tYKx ¢{cfgnaY+X*bv|0`naYKbd`aod|0bd{Y= 0¢BZ  ¢ ZK  ¤@±²|gaV{Y|{oL|f§¨x{`lshnlYhglY
s+bd`aYd¢¥gaV{`bdu{u{nloLbdszVPX3LVLg;bv`toBY
YX3u{ojdYKx ¢¥{c{ggaV0Y*gaX3YshoLX;u0YegkjYefu{oJ`tYK`wYKsbdc0`tY*od
glV{YynlY Jc{naY+X;Y+|JgodX*bv|j
b£jdY+nl` ½ nlodc0dV{jd¢foL|{YuwY+n$Y+xfLYK¾bv|wxodglV{YgaX3Yxf`lshnlYhgl´KbgloL|¤
«i|f¬odnagac{|wbgaY+jL¢BgaV{Y!gaX3Yh§¨Yhefu0bv|wxfY+xrLnlbdu{V bvu0u{naoJbdszV xfoYK`i|{odg\bdu{u{jglo 9 %   `bv|wx ovglV{Yn
x{jJ|wbvX3s|{Yhgkodnl¡f`¢9`a|0shYgaV{Y8Yhefu0bd|0`tod|¯Úbds®glodn;ªoLc{x wYVc{LYd¢@ddY+| gaVwbg;gaV{Y+naYbvnlYX*bv|j
|0Yhgkodnl¡`©glo8Yefu0bv|0x¢bv|wxglV{YjFsbd|PV0b£LY3|{od|f§²xf`asnaYgaY!ganzb£dY+nl`lbvgaX3Y+`+¤U)V{YnlYh¬oLnaYL¢¥`a|0sY3gaV{Y
sbL`a`asbvfLnlbdu{V;X;ofxfY+0V0bdnlx{j;bvu{u{jgloygaV0Y+`aY|{Yhgkodnl¡f`¢vnlY+sY|Jgajd¢ º 	 ¶ 	 ý¹>v¸aÅ0ÀL¼ Õ  V0b£dYBYY+|
u0naoLuwoJ`tYKx*bd`Rb¬odnlX*bvwbd0`tganzbds®gloL|;¬odn)xfj|0bvX3s$|{YgkªoLna¡f`+¢dbv|0xsbv|wY\`tc{gaYKx*Y+bL`tj!gloygaV0Y\s+bd`aY
od 9 %    `+¤ ¿ªoL|0sh`aYjd¢@bv| Y+dod|0 dnzbvu{V `!bd| |wxfYhefY+x `tYLc0Y|0sYov$`ac{{Lnlbdu{V0`od$b ddY+|
Lnlbdu{V¢{V0YnlYygaV{Y!`tc{0dnzbvu{Vrbg\b*ddY+|8|0xfYeruwoL|Jg©sodnlnaYK`tuBod|0x0`gao*glV{Y|{YgkªoLna¡shod|0|{Y+shgaJgkj
&ê?{ÿ@A	
   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
½ J¾ ½ Z£¾
½ L¾ ½6 ¾
9 dc{nlY
Z
	$| 9 %   naY+u{naYK`tY+|JgaY+xrbL`ibd| |wxfYhefY+x`tYg©ov9|0Yhgkodnl¡`+¤iU)V{Y;|0xfshY+`\shoLnanlY+`auBod|0xgao
`ac0s+shY+`l`aLYiglX3Yh§²`tgaYuw`¤
bvgglV{YgaX3Y|JgaY+nabv|0xfsbvgaY+x!jgaV{Y)|0xfYe|c{XBYnK¤U)V0YRglX3YxfodX*bd|;`¬c{nagaV0Yn@|0shoLnauBodnzbglY+x
|JgaoglV{Y$X3ofxfYwJj;nlY+`tganlshga|{ µ¶·f¸®¹Bº»£¼$½ °¤ YL¤¢dgaV{Y©Y Jc{bvY|Jg9ov u0bvgaV0`@|*c0`ac0bvwdnzbvu{Vw`l¾¥gao ¹Bº 	 º¸
X3oLY©|Jgao*Y+x{dY+`V{szVYhef`kglY+xod|{j
|8uwbd`tg`ac{{Lnlbdu{V0` ½ s®k¤ 9 Lc{nlYyL¾®¤
0,1,2,3
30,1,2,3
1,2,3
1
0,2,3
0,3
0
1,2,3
0,1,2
0,1,30,1,2
0,1,3
0,1
0,1,2,3
A 
B
C
D
E
F
0
2,3
9 dc{nlY9Î@Lod|{3Lnlbdu{VsodnlnaYK`tuBod|0x{|{!gao 9 %   | 9 dc0naY3Zd¤	inls+`bvnlYbdwY+YKxgaVrsodnlnaY§
`auBod|0xf|{3glX3Yh§²`tgaYuw`¤©0`tY+naLYiglV0bg `$|{ovgib3bvx;pkodc{nl|{Yj`t|0shY1Yhef`tgl`$od|{j|gaV{Y
uwbd`tg)gaVnlY+`auwYKs®g)gao¤
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ 
 ovgashYglV0bgglV{`X3ox{Y¥bdo$`¬odn$bdna{ganzbvnlj
szV0bd|{dYK`ªBYhgkYY+|8gkªo*`ac{0`aY Jc{Y|JgglX3Y`tgaYuw`¢
gaV gaV{YuBoL`l`a{Y!snaYKbgloL|bd|0x odnixfY+Ygaod|rod@bd|j|c{X!wY+niov@LYnagashY+`©bv|0xrbdnls+`¤$qoLnaY|JgaY+nt§
YK`kgl|0djbd|0xruBYnlV0bvuw`©`ac{nlu{na`a|{LjL¢wu0naY+Jodcw`$odnl¡8`aV{oY+xglV0bgK¢Bc0|{¡dY;c0`ac0bvdnzbvu0V0`¢wÏ0|0x{|{
sod|{|0Y+s®glY+xshodX3uBod|{Y+|Jgl`|8YLod|{!dnzbvu{Vw`ª`  m=§t¿ªodX3u{YhglY Z  ¤=±²|gaV{`)u0bvuBYn)Yc0`tYbv|wx
Yhe§
glY|0x;Y+dod|0\Lnlbdu{V0`=|3odnzxfYn=gloyu{naoLuwoJ`tYbd|0x!¬odnlX3bdj!bd|0bvj´Y)Y+bd`tgRshoJ`kgOpkoLc{na|0Yjf`@| 9 %   `+¤
¿ªoJ`kgX3YKbd`ac{naYK`y|JLY+`tgaLbvgaY+xFV{Y+naYbvnlY*V{odu¯sodc{|Jg ½k¼lÀf¶¸®Á²º®¼®Á pkodc{nl|{Yjf`z¾®¢=bvnlnabvRx0bgaY ½ÃÂh¶¸lºhÄ*¶£¼®Á
pkoLc{nl|{Yjf`z¾®¢{bv|wx
glX3Y`au0bv| ½ÃÂhÅ¼zÁ²ºh¼zÁ pkodc{nl|{Yjf`z¾®¤
Í¥ÃglYnzbgac0naYyoL| bvu{u{Y+xnlodcfgl|{`l`tc0Y+`| `tcwszVr|{Yhgkodnl¡f`c0`ac0bvj8bd`l`tc0X;YX3ÃglY+xodn©|{o
X3ov§
0Ãgkj(Z£¢RZK  V0YnlY;|{¡J§¨sod|{|{YKs®glgkjPszV0bd|{dYK`od|{jLYnlj dnzbdxfcwbvjbd|0xF`|0sodnluwoLnlbvgaYKxj
b`tjf`tgaY+X ov9c{uOx{bglY+`©gaogaV0YgloduBododdj8dnzbvu0V ÃglVY+dYnljrszV0bv|0dY ZdZ  ¤y±²|Psod|Jganzbd`tg+¢BY!xfo8|{ovg
u0naYK`tc{X3Yo X3oL{gkj |{odn;odcfglnadVJg;|0`tglbd{gkj ov$glV{Yr`tjf`tgaY+X8¤¦©c0n;bdu{u{nloLbdszV¯s+bvufglc{nlY+`!gaV{Y
x{jJ|wbvX3s+`ov=glV{Y|{YgkªoLna¡O¢{V{szVrY|wbv{Y+`cw`gao*BYY
shY|Jg$odY+n)gaV{Y¬c{`asoduBYov@xfj|0bdX;shgkj
=¬nlodX `kgzbgas©gao*Y+dYna§²szV0bv|{L|0|{Yhgkodnl¡f`¤
U)V{`@u0bduwY+n9`@odnlLbd|{´+Y+x!bd`¬odo$`¤U)V{Y)¬odnlX*bv0xfYÏ0|{gaod|0`9ovOYdoL|{\dnzbvu{V0`@bd|0x;ov `toLX3Y
od9gaV0YnyX3bd|Fu0bdnlbdX;YgaY+nl`©bvnlY!nlY`tYKx |glV{Y3|{Yhegy`tYKs®gaod|¥¤!U)V{Y+|¢¥bvdoLnagaV0X3`i¬odnysodX3u{cfgl|{
`aV{oLntglY+`tg ½ X3|{X!c{X V{oLushoLc{|Jgz¾fpkodc{nl|{Yjf`+¢K¬odnlYX3oL`tg ½ Y+bvnlYK`kgbdnanl£bdLx{bvgaY£¾fpkoLc{na|0Yjf`¢bd|0xÚbd`tgaYK`kg
½ X3|{Xc0X gaX3YK¾pkoLc{nl|{Yjf`+¢{bvnlY\LLY|8bv|0xbv|wbvjJ´+Y+x|8glV{Y`tc00`tYJc{Y|Jg$`tYKs®gloL|0`¤:'FYshoL`aY\gaV{Y
uwbvuBYngaVrshoL|0shc0xf|{3naY+X*bvnl¡`)bd|0x)b£jf`ª¬odn)¬c{nagaV{Y+n$nlY+`aY+bvnzszV¤
  %*"  P "(
!%h-.	0/ 23
	 x{jJ|wbvX3s9|{Yhgkodnl¡$sbd|\BYR`aYY+|bL`bFuwodgaY|Jglbdji|fÏ0|{gaYy¢K`aY Jc{Y+|0shY
	
odª|{YgkªoLna¡f`©odY+niglX3Yd¤*U)V{Y*xfj|0bdX3s;|{YgkªoLna¡f`\shod|w`txfYnlY+xV{YnlY*bvnlY 9 %   `+¢¥°¤ Yd¤¢ gaV{Y+j V0b£LY
u0naYKxfshglbd{Y
szVwbv|{LY+`y| gaV0YngaoLuwoLoLdY+`+¤ 'FY`aV{o | glV{`!`aY+shgaod| brdnzbvu0VPglV{YoLnaYgas*X3ofxfY
glV0bggzbv¡LY+`|Jglo3bLssodc{|Jg$`tcwszV8szV0bd|{dYK`¤
  !#"%$'&)(+*%(,-."%,/*%021435-76,8
98Ç;:'<>=  =¬Ë?<@BA CDBË * D=<EGF £IHKJMLON ºhÁ3Å!d¸aÅ2wÀBPRQS UTWVYX º4  	 ºh¹3Å¶¹ 7:ýÁMÀÅ¹ ¶¸ .Lºh¸aº2.
¼ºZ·0ºh¹ 0lº!¶kÂýÁM¼¼®· X d¸aÅ0Àd¼ [>\ 	 P   P]  P^_W`Àfºh¹RÁÚÀfºy¼®»£¼®Á²ºhÄba 	 QP  [>\ V ¼50zÅº/.8Å¹
º 	 ¶ 	 ý¹ d¸aÅ2wÀc_
Í¥YhgdT)ef	hgiTkja¢ibv|wx S ef	lg S ja¤±¨g8`shY+bvngaV0bvgnm 	po TeKoqro Tos	ut bv|0xglV0bg
vw	uo S eKoxqyo S o.	{z@¤¯U¥oLYnagashY+`;bvnlY`lbvx gloPBY Å .²µÅ 0lº¹0Á5ý¹|a Ã\bv|0x od|{j Ã©gaV{Y+j¯bvnlY
bLx£ptbdsY|Jg|r`aodX3Y P j ¤9U)V{Yx{YdnlYYodb;dY+ntglYhe| a `xfYhÏ0|0Y+xbd`)gl`$x{YdnlYY\|nT e ¤
Í¥¡LYrc0`tcwbviLnlbdu{V0`+¢ªY+doL|{ dnzbvu{V0` ½}I~ `l¾sbv|BYYdVJgaYKx ¢ªgaV{Y YdVJgz`*od|glV{Y Y+x{dY+`
nlYu0naYK`tY+|Lgl|0 ganzb£dY+nl`lbvxf`kgzbv|0sYd¢9glnlb£LYnz`abdªsoL`tg+¢RYglsd¤'©| gaV{YovglV{Yn*Vwbv|0x ¢ªªY+LVJgl`3sbd|¦bv`ao
BYod|0gaorglV{Y
glX3YxfoLX*bv|¤±²| gaV{`s+bd`aYd¢ªY`aV0bdR`auBY+bv¡Fov Á ýÄ3º2. Y+doL|{dnzbvu{V0` ½/}I~ `l¾
BY+s+bvc0`aY\gaV{YyYdVJgz`ªoL|8gaV{YyYKxfdYK`ªnaY+u{nlY+`aY|Jg)gaV{Y+n)glnlb£LYnz`abd0glX3Yd¤
¿ªoL|0`txfY+nWu	  MU ^ bL`8b Á ýÄ3º |JgaYnlbv°¢©V0YnlY P j;`8gaV{Y `ac{{Lnlbdu{V | u0bLshY xfc{nl|{
 jUj4;Ã¤U)V{Y+| a 	 QP  \ VO`b©`tX3u{YRglX3Yh§²xfY+uwY+|0xfY|Jg@xf`asnaYgaYªx{jJ|wbvX3s+bv`tjf`tgaY+X8¢nlc{|{|0|{
&ê?{ÿ@A	
   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
x{c{na|{W¤±²| sbL`tY!ovªc0|LglX3YKx YLod|{dnzbvu{Vw`¢OodnX3odnlYLY|{Y+nlbdjV{Y|gaV{Y;glnlb£LYnz`abdgaX3Y+`
bdnaYxf`asnaYgaYL¢fªYs+bv|8X3bd¡dY\gaV0Y\V0odY`tjf`tgaYX xf`lshnlYhglYJj
glbv¡|{ i	      ¤
U)V{nlodc0dV{oLcfggaV{`igaYheg\ªY`aV0bd¥sod|0`axfYn©u0bdsz¡LYhg$|{YgkªoLna¡f`+¤
,iY|0sYd¢wganzbv|0`aX3Ãgaga|{
od|0Yu{Y+shY
odª|f¬odnlX*bgloL|X3Y+bd|0`©ganzbv|0`aX3Ãgaga|{od|{Y;u0bdsz¡LYhgodY+n©oL|{Y*bvnzsv¤U)V{Y*xfc0nlbvgaod|odRglnlbd|0`tX3gtgl|{
oL|{Yuwbdsz¡dYg©oLYn©b|{¡r|Pb 9 %   `©LLY|bL`©b
¬c{|0shgaod|nlYu{nlY+`aY|Jgl|{
gaV{Y;|{¡f` wglnlb£LYnz`abd
glX3YK`¤
±²| oLnlx{Yn\gaorX3ofxfYb 9 %    jPbd| YdoL|{8dnzbvu{V¢Ãg`ac 
shYK`gaorBY
LLY| bglX3Y
|0xfood`a´+Y  ¢fbd|0x*glo!odnl¡!gaVb Á ýÄ*º/.º 	 ¶ 	 ý¹ d¸aÅ2wÀ a 	 Q gj o 
	  Va¢
bd|0xgaV{Y¬c{|ws®gaod|{¢{naYKxfYhÏw|{Y+x ¢{¬naoLX T e gao ¤
  x-
"k, !
'FYysbd ¸a¶v·fÁ¨º ý¹ a bu0bvgaV" Q$# &%VK	('*)M+) ] +)-,/. 0)Mj1	dTe8| P ¤=Í¥Yhg2PwYybgaX;Yy`lszV{Y+x{c{Y
|0xfsbvga|{ V{Y|'YKbdszVY+xfLYov\gaV{YrnlodcfglY" Q$# &%V`;glo wYrglnlb£LYnz`tYKx ¤ 'PYx{YhÏ0|{Y b µ¶v·f¸®¹Bº»
3 Q$# &%?+2KV 	4'*" Q$# &%V2+25.Rbv|wxoL|{j2P`$| bds+shoLnlx{bd|0shY\gaV";¢6{¢ a ¢wbd|0x ¢Bbvo|{;¬odn
b!glnlb£LYnz`abd0¬nlodX # glo7%
| a ¤  ovgaYL¢¬odn|0`tglbv|wshYd¢{gaV0bvgpkoLc{nl|{Yjf`sbd|{|{odg)Lo;gao;gaV{Yyuwbd`tg+¤
	 ¸a¶v·f¹ .µ¶v·f¸®¹Bº» `b!pkodc0na|{Y+j83 Q9#  # 02KV| a ¤*±¨g`\glV{Y
bv|wbvoddoLc0`©gaorb8c0`ac0bv9snzshc{g|
b dnzbvu{V¢gaV glV{Yxf­OYnlY|0sY*gaV0bvg!oL|0shY*glV{Ynlodc0|0x8pkodc{nl|{Y+jPY+|0x{`wbdsz¡F| # 	 P ,¢=¬odn;`toLX3Y
: ¢{|{ovglV{|{3X3u{YK`glV{YyYhef`kglY|0sY\od=bd|{ovglV{Yn)glX3Y`lszV{YKxfc{Ybdo|{;gao3c0`aYyovgaV{Y`lbvX3YynlodcfglY
bdLbd|¤
±²|rsbL`tYodc{|JglX3Y+x8Y+dod|0!Lnlbdu{V0`+¢gaV{YxfYÏ0|{gaod|ov@b©pkodc{nl|{Y+j*¬naoLX # glo%sbv|BYyX3odnlY
`aX;u0jnlY+`tglbglY+xybL`¥b$`aY Jc{Y+|0shY;3 Q$# &%VK	=< j +< j > +< j >, ¢v`tcwszVgaV0bvg5<@?R`b ½ cw`tc0bdjxfYhÏ0|0Y+x0¾
uwbgaV | P ?L¢=gaV u0bvgaVA< j `tglbdntgl|{r| # ¢uwbgaVB< j @, Y|wxf|0 |A%w¢@bv|wx Y+bdszV u0bvgaVA<@?
Y|0x{|{
V0YnlYC< ? `tglbdntgz`¤
9D E 0&! * $1)1 ,>!
U)V0Y+`aYxfYhÏw|{ÃgloL|0`LLY*na`aY*gaobvgY+bd`tgglV{naY+Yxf­BY+naY+|Jg Jc0bvgkjX3Y+bL`tc{nlY+`ov=pkodc{nl|{Y+j`+¢gkªorod
V0szVbvnlY©|8gaV{YglX3YxfoLX*bv|¢f|0bvX3Y+jL¢fV{oduf§²shoLc{|JgoLnY+|{vglV¢{bvnlnlbv x{bvgaYL¢{bv|0x!pkodc0na|{Y+j3gaX3Yd¤
Í¥YhgF3 Q9# +%02KV9wYb©pkoLc{na|0Yj
V{Y+naYG" Q$# &%VK	4'H)  +) ] +)-,/.;+)Mj1	nTe¤9U)V0Y|¢
I U)V{Y À¶*&0z¶·f¹wÁ odn º¹dÁMÀ ov3 Q$# &%?+2KVR`xfYÏ0|{Y+xbL` o 3 Q$# &%?+2KVo J 	 o " j o 	 : ¤
I U)V{Y Åv¸®¸ 	 Å .dÅÁ²º ovK3 Q9# +%02KV;`xfYÏ0|{YKx bd` o 3 Q$# &%?+2KVo L#	M2 Q )-,;V 4 Q )*,cVa¢i°¤ Yd¤¢gaV{Y`aszV0Y+xfc{Y+x*gaX;Yi¬odnªgaV{Yiganzb£dY+nl`lbvfod gaV{Y©bL`kgY+xfLY$|N3r¢Ju{cw`Rgl`Rganzb£dY+nl`lbvfglX3YL¤±¨g`bv`ao
xfY|0ovgaYKxO Q 3nVl¤
I U)V{Y µ¶·f¸®¹Oºh»rÁ ýÄ3º odP3 Q$# &%?+2KV`yx{YhÏ0|{YKx bd`©gaV{Y*Y+bdu0`aY+xrglX3Y*BYhgkYY+|glV{Y*xfYu0bdntglc{nlYbg # bd|0xrglV{Y3bvnlnabvbvgQ%B¢ °¤ YL¤ o 3 Q9# +%02KVo 	 o 3 Q$# &%?+2KV o L B2 Q ) MVl¤y±¨g\`\bv`to8xfY|{odgaYKx
 Q 3YVa¤
Í¥¡LY`tYL¢dglV{YnlY©bdnaYibvgªY+bL`kgªgaV{nlYY\xfÃ­OYnlY|Jgb£jf`9od¥xfYhÏw|{|0gaV0Y©|{odgaod|
odSRtx{`tglbd|0shYUT|bd|
Y+doL|{!Lnlbdu{V¢fbd`¬oLo$`+¤
I U)V{Y .¼zÁ²Å¹ 0zº | a BYhgkYY|\gkodY+ntglsY+` # bd|0xQ%i`xfYhÏw|{Y+xybL`@V Q9# +%IVK	XWY[Z 'co 3 Q$# &%?+2KV o J .L¢glbd¡dY|odYn\bv0pkoLc{nl|{Yjf`$| a BYhgkYY+| # bv|0x\%B¤'PY3`aV0bv`lb£j8gaV0bvg©od|0Y!`ac0szV*pkodc0na|{Y+j`
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ 
gaV{Y ¼zÀ¶v¸®Á¨ºh¼®Á ¤ 9 c{ntglV{YnK¢ b|0ox{Y  `tc0szVgaV0bvgCV Q$#   V`\X3bvefX!c{X `\sbdY+x gaV{Y Å¹wÁ8 {¶.dº
ov # ¤=±²|8gaV0`$s+bd`aYd¢fYy`ab£j3glV0bgglV{Y º20/0zº¹0Á°¸60ýÁ°» ov # Y Jc0bv`PV Q9#   Va¤
I U)V{Y ºzÅ¸ Úº®¼®Á9Å¸®¸ 	 Å .dÅvÁ¨º | a wYgkªY+Y|;gkoydYnagashYK` # bv|wxK%`@LLY|3jglV{YÏ0nz`kg pkoLc{nl|{Yjbvnlna|0¯bg %¦¬nlodX # ¢©xfY|{odgaYKxO Q9# +%IVl¤ 'FYP`aV0bd\`ab£j¦gaV0bvgoL|{YP`ac0szV pkodc0na|{Y+j`gaV{Y
Âh¶¸aºÄ*¶£¼®Á ¤R±¨glV{YnlY`|0o©pkoLc{nl|{Yj
| a BYhgkYY+| # bd|0xN%w¢{Yy`ab£j3glV0bgO Q9# +%IVK	'¤
I U)V{Y .LºÅv» | a wYgkªY+Y|\gkodYnagashYK` # bv|wxF%©`¥xfYhÏ0|0Y+xybd` .LºÅ» Q9# +%IVK	XWY[Z 'co 3 Q$# &%?+2KV o  .J¢glbd¡dY|odYn\bv0pkoLc{nl|{Yjf`$| a BYhgkYY+| # bv|0x\%B¤'PY3`aV0bv`lb£j8gaV0bvg©od|0Y!`ac0szV*pkodc0na|{Y+j`
gaV{Y ÂhÅ¼®Á¨ºh¼®Á ¤9±¨gaV0YnlYy`|0o©pkoLc{nl|{Yj
| a BYhgkYY+| # bv|0x %w¢wªYy`lb£j*gaVwbg .dº1Åv» Q$# &%V'	'¤
	$Jbv|¢Jb|{ofxfY	  `tc0szV3glV0bg .dº1Å» Q$#   V=`ªX*befXc{X `sbdY+x;glV{Y Á ýÄ*ºtÅv¹0Á  f¶.dº ov # ¤=±²|
gaV{`$s+bd`aYd¢fY`lb£j*glV0bg)gaV0Y Á8ýÄ*ºtº2020zºh¹wÁM¸601ýÁ°» od # YLcwbv` .LºÅ» Q9#   Va¤
%c0X;X*bdna´|{0¢ .¼®Á²Å¹ 0zºQ$# &%V¥LLY+`=glV{YiX3|{X!c{X |Jc0XBYnRod V{odu0`RnaYJc{nlY+x!glodo¬nlodX # gao
%!| a
.dº1Å» Q$# &%V¥ddYK`=gaV{YiX;|{Xc{X1gaX3Y$nlY Jc{naYKxgloydo¬nlodX # gao %!| a
 bv|0x!glV{Y Âh¶¸lºhÄ*¶£¼®Á
pkoLc{nl|{Yjr|0xfsbvgaY+`©glV{Y ºlÅv¸"Úºh¼zÁyÅ¸®¸ 	 Å
.dÅÁ²º bgy|{ofxfY %¬nlodX |{ofxfY # ¤ 9 c{ntglV{YnK¢ º2020zºh¹wÁM¸601ýÁM»Q9# V
LLY+`gaV{YrX*bveXc0X |Jc0XBYn*ov\V{oduw`!nlY Jc{nlY+x gloPLo¬nlodX # glo bv|j ovglV{Yn3|{ofxfY| a
 bv|wx
Á ýÄ*ºtº2020zºh¹wÁM¸601ýÁM»Q9# V@LLY+`ªgaV{YX*befXc{X gaX;YnlY Jc{naYKx*glo;Lo¬nlodX # glo*bv|j*ovglV{Yn)|{ofxfY| a ¤
9 |0bvjL¢{Ys+bv|rxfYÏ0|{YgaV0naY+Y`aodnagl`)od RaxfbvX3YhglYn&T©X3Y+bL`tc{nlY+`|YdoL|{3dnzbvu{Vw`¤R©|{Y`)gaV{Y
cw`tc0bd À¶ .ÚÅÄ*ºÁ¨º¸ ¢9xfYhÏw|{Y+x bL`gaV{YX3bvefX!c{X x{`tglbd|0shY
| gaV0Y`tjf`tgaY+X8¢glbd¡dY+|FoLYnbdªu0bvnl`
od|0ox{Y+`+¤±¨g!s+bv| bv`toBYxfYÏ0|{Y+x bL`gaV{YX3bvefX!c{X.od)bd9YKssY|JganlsÃglYK`y|PglV{Y`ajf`kglYX¤U)V{Y
`aY+sod|0x `b8`toLntgovªbshoLc{|JgaYnlu0bdntg\|PgaV{Y!gaX3Y*xfodX*bv|¢ V{szVY9xfY|{odgaY!gaV{Y ¼®»£¼®Á¨ºÄ  Å1
odbd|PY+dod|0dnzbvu0V¢bv|0xPg`yxfYÏ0|{YKxPbL`\gaV{Y3X*befXc{X odbd=glX3Yh§¨Y+s+shY+|LglnashgaY+`+¤ 9 |0bdjd¢
glV{Y ¸aÅ2 6.ýÁ°» ovbd|Y+doL|{Lnlbdu{V`gaV{YX*befXc{X ovbd YKbvnlY+`tgbvnlnabvOx{bglY+`)|glV{Yy`tjf`tgaYX¢
gzbv¡LY|8odYn)bvu0bdnod|{ofxfYK`¤
 E  $35021 !
¿ªoLnanlY+`auBod|0xf|{igaoyY+bLszVYKxfdY)| T e ½ nlY+`auBY+s®glLYjd¢v|0ox{Y %y| S e ¾Ysbv|3xfYÏ0|{Y$bv| º2.1Jºi¼0hÀº2.
·3º < Q ) V ½ naYK`tuBY+shgadYjd¢ ¹B¶.dº¼10®Àfº/.v·3º < Q %V¨¾ibd`$b*`aYhgiod|JgaY+nabv`|0xfsbvga|{3gaV{Y!`tc{0dnzbvu{V0`
|rV{szV8gaV{Y+j8bdnaYyu{nlY+`aY|JgK¢wbv|wxuBoL`l`a{j`aodX3Yodgl`iu0bvnzbvX3YgaYnz`xfc{nl|{*Y+bLszV8|JgaY+nabv°¤)U)VJcw`¢
YX*b£j;bdÃglYnl|0bglYjxfYÏ0|{Y©bd|3YdoL|{ydnzbvu0V3bL` a 	 QS e 2T e Va¢JV{YnlYY+bLszV3|{ofxfYibv|wx3Y+xfLY$V0bd`
b3`lszV{Y+x{c{YyxfYÏ0|{YKx¬oLnÃgK¤
' gaV8gaV0Y\V0YuodgaV{YK`tYYKxfdYbv|0x|{ofxfY`aszV0Y+xfc{Y+`+¢fY\s+bv||0o |Jglnaofxfc0sY©)b£jf`ªgao;X;YKbd`ac{nlY
V0o Xc0szV;bv|Y+doL|{$dnzbvu0VszV0bv|0dY+`¥Ãgz`gaoLuwoLoLdjxfc{nl|{©gaV0YRglX3Y|JgaY+nabdM$¤ 9 nl`tg+¢Yx{YhÏ0|{Y
glV{Y Å 0Á8 	 ýÁM»¶tÂ$Å 	 º¸®Á²º %bL`  Q %IV'	 o <  Q %VoÃ¢dbv|wxgaV{Y Å 0hÁ  	 ýÁ°»¶kÂÅ¹8º/. Lº )bd`  Q ) VK	 o <  Q ) V oÞ¤
'FY!gaV{Y+|PxfYÏ0|{Y;gaV{Y ¹B¶.dºÅ 0Á8 	 ýÁM» ovªbd|Y+dod|0
dnzbvu{VPbd`  	 W'  Q %IVUQ%8	 S e@.L¢ bv|wx
glV{Y º/. Lº;Å 0Á  	 ýÁ°» bL`  	 W\'  Q ) VU ) 	dT)e .J¤=U)V0Y Å 0hÁ  	 ýÁ°»¶kÂyÅv¹Pº 	 ¶ 	 ý¹>5d¸aÅ2wÀ `xfYÏ0|{YKx
bL`i	 W Q 7 Va¤ 	$|0xglV{Y .»¹OÅÄ 60®¼¶kÂ Åv¹ º 	 ¶ 	 ý¹v¸aÅ0À `
xfYÏ0|{YKxbL`  /!^ ¤ 	i`
bsod|0`aY Jc{Y+|0shYL¢f`t|0shYycw`tc0bd dnzbvu{Vw`ªVwb£dY"	 d¢glV{YjV0b£dYxfj|0bvX3s`´+Ynlo0¤
&ê?{ÿ@A	
   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
   -76)0&
±²|gaV{`u0bvuBYnK¢ªY\bd`l`tc0X;Y©gaVwbggaV{Y\|0u{cfg a `LLY|bL`R|0¡dY+xbdx£ptbLshY+|0shj3`tgl`+¢ÃglVglV{Y\`aodnagaYKx
YKxfdY3`lszV{Y+xfc0Y3bgaglbdszV0Y+xgao8Y+bdszVP|{YdVBodnK¢ ddY+|Pbd`©glX3Y3|JglYnl£bd`\|0xfsbvga|{8gaV{Y;gaX3Y*`kglYu0`
V0YnlY@gaV0bvgYKxfdYª`bvdYd¤U)V{Y9glnlb£LYnz`abdgaX3YRov0gaV0bvgY+x{dYR`bv`toibvgtgzbdszV{YKx\gao$glV{Y)shodnlnlY+`auwoL|0xf|{
|0YdVwoLn+¤9U)V0YyV{Y+bLxodYKbdszV8`tg$`$b3LYnagaYeÃglVrÃgz`o|`toLntglY+x8|{ofxfY`lszV{Y+xfc0Y`tg©bgaglbLszV{Y+x ¢
bd`ao;ddY|bd`glX3Yy|JgaYnlbv` ½ `aYY 9 Lc{nlY  ¾®¤
node schedule list
arc schedule list arc schedule list
traversal time traversal time
An other
neighborA node A neighbor
... etc
I1 I2 δV(u)
I
δV(u)
vv1 v2
(u,v )1ζ
(u,v )1δEJJ2J1
u
...
...
...
...
9 dc{nlY  ©U)V{Y*x{bvglb8`kglnacws®gac0naY¬odnyshofxf|{b
Ï{efYKx§¨`lszV{YKxfc{Y;xfj|0bdX3s!|{Yhgkodnl¡X3ox{YY+x j bd|
Y+doL|{!Lnlbdu{V¤
U)Vc0`+¢¬odnYKbdszVLYnagaYe%w¢0bd|0x
YKbdszVbvnzsF)J¢glV{YyshodnlnlY+`auwoL|0xf|{K<  Q %IVRbd|0xN<  Q ) VRbvnlY\xfYÏ0|{YKx
bL`)`tYgl`)ovgaX3Y\|JgaY+nabv`+¤=U)V0`x{bvglb;`kglnacws®gac0naY`ªYK`tuBY+sbdj
c0`aYh¬c0 V{Y|shoL|0`txfY+na|{;|{Yhgkodnl¡f`
gaVo .v»¹BÅÄ 60h¼ ¢wX3Y+bv|0|{;glV{YnlYybvnlY©¬Y+ bLs®gabgloL|0` vxfY+`lbdshgabgaod|w`ªoL||0ox{Y+`bv|wx8bdnls+`¤
U)V{YyX3Y+X;oLnaj`tu0bLshYc0`aY+xj*gaV{Yy|{u{c{gi`)u0naoLuwoLntgloL|0bvBgao3glV{Y`a´+Y\od¥glV{Ybdx£ptbLshY+|0shj
|{¡dYKx
`kgz`¢wu{cw`)gaV{Y!`t´YodglV{Ybdnls+`bv|0x|{ofxfYK`$`lszV{Y+xfc0Yy`tgl`+¤)U)V{YnlYh¬oLnaYL¢fgaV{Ygaovgzbv¥`a´Yyov=glV{Y`tgl`
` Q m
 m niv xVx	 Q m ;V9|8gaV0YyªoLnl`tg)s+bd`aYd¤
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ 
   *	=¥		'& !=)(*
U)V0Y;bdLodnlÃglV{X ªY!u{naoLuwoJ`tY!|PgaV0``aY+s®gloL|PsodX3u{cfglY+`\bvglV{Y*`tV0odnagaY+`tgRpkoLc{nl|{Yjf`i¬naoLX b`a|0dY
LYnagaYegao*bd glV{YyovglV{YnLYnagashYK`¤
]Y+X3|0x'gaV0bvg+¢$| odnzxfY+n*gao sodX3u{cfglYP`aV{odnagaYK`kgu0bglV0`¢)glV{Ycw`tc0bd © pk¡f`tganzb  `bdLodnlÃglV{X Õ 
u0naofshY+Y+x{`\j {c0xf|{ b`tYg ov 01¶£¼º2. dY+ntglsY+`+¢O¬odnyV{szVPgaV{Y
`aV{odnagaYK`kgyu0bvgaV0`Vwb£dY3bvnaYKbdxfj
BYY+| shodX3u{c{gaY+x¢ gaV{Y+| szV{ooL`a|{b8dY+ntglYhe # |{odg|  V0oL`aY3`aV{oLntglY+`tg\u0bvgaV Y+`tgaX*bglYd¢>V Q$# Va¢`
X3|{Xc{X¢¥bd|0xPbLx{xf|{ # gao ;¢°¤ YL¤¢¥soJ`t|{ # ¤ 	ggaV{`uBod|LgK¢¥bv9bvnzs`©¬nlodX # glo S   bvnlY
¶fº¹Bº2. ¢ª°¤ YL¤¢ªgaV0Yj bdnaY8Yhe{bvX3|{Y+xbv|wx gaV0YrnaYK`tuBY+shgadY`tV{oLntglY+`tg;uwbgaVY+`tgaX*bglYd¢PV0¢`;c{uOx{bvgaY+x
¬oLn;bd)Y+|0x§¨uwoL|Jgl`+¤ ±²| oLnlx{Yn!gaoFV0b£dYLc0sz¡ bds+shYK`a`gaoPgaV{YBY+`tg3`aV{oLntglY+`tg!u0bvgaV YK`kglX*bvgaYd¢RgaV{Y
bdLodnlÃglV{X ¡LYY+u0`ibX;|f§¨V{Y+bduru{nloLnagkjJc{Y+c{Y gaVPbvLYnagashY+`$| S  ;¢OÃglV ¡dY+jNVw¤  ovgaY
glV0bg V3`|{gabv´+Y+xgao ¬oLn$bv dYnagashYK`){cfg¬oLnd¢fV0szVV0bL` V 	
	0¤
U)V{YX*bv| oL0`aYnl£bvgaod|¯| i pk¡f`kglnlb  `;X3YhglV{ofx `;gaV0bvg*u{naYÏ{e¯u0bvgaV0`;ov`tV0odnagaY+`tg3u0bglV0`3bvnlY
`aV{oLntglY+`tg©u0bvgaV0`©gaV0YX*`tY+LY+`+¤«$|f¬oLntglc{|0bvgaYjd¢bd` 9 dc0naY;8`aV{o$`+¢Ou{naYÏ{e3pkodc{nl|{Y+j`\odªb`aV{oLntglY+`tg
pkoLc{nl|{YjX*b£j|{ovgwY*`aV{odnagaYK`kgªpkodc{nl|{Y+j`igaV0YX*`tY+LY+`+¤ ,$oYLYnK¢w9gaV0Y;bd`tg©YKxfdYL¢`ab£j Q %  Va¢od
b`tV{oLntglY+`tg9pkodc0na|{Y+jBYhgkYY+|rdY+ntglYhe # bv|wxrdY+ntglYhe   `kgzbvnagl`$bvgiglX3Y z¢wgaV0Y|rglV{Yu{nlYhÏ0e;pkoLc{nl|{Yj
½ doL|{;¬nlodX # gao%f¾)`$`aV{odnagaY+n)gaV0bd| bv gaV{Y$pkodc{nl|{Yjf`¬nlodX # gao7%Y|0x{|{ X ºMÂh¶¸aº z¤ªU)V0YnlYh¬odnlYd¢
Y\ shod|w`txfYn)shY+ntgzbv|u0bdnz` Q$# 2UV	 S e  bv|0xshodX3u{c{gaY©gaV{Yy`aV{odnagaYK`kgpkodc{nl|{Yjf`ª¬nlodX©gao
LYnagaYe # bvnlna|0 X ºMÂh¶¸lº glX3YWz¤i±²|rglV{`©X*bd|{|{YnK¢wgaV{Y!u{naYÏ{eru{nloduBYnagkj`inlY+`auBY+s®glY+x ¢wgaVwbg`+¢Bb
u0naYÏ{e
ovb;`aV{odnagaYK`kgpkodc{nl|{Y+j* wYy`aV{odnagaYK`kgK¢c{|0xfY+nªglV{YyshoL|0xfgaod|
glV0bgg$bvnlnadYK`9BYh¬odnlYy`toLX3Y
glX3Yi`tgaY+u °¤«©`t|{yglV{`ªu{nloduBYnagkjd¢vY$w{c{xb\ganlYY$od `aV{oLntglY+`tg pkodc{nl|{Yjf`@BYhgkYY+| Q   	%Vbv|wx
uwbvnl` Q$# 2UVl¢{|8V0szV8Y+bLszVLYnagaYhe # bvu{uBY+bdnl`)bg$Y+bL`kgoL|0shYL¤
[1] [1][1−2] [1−2][1−3] [1−3][1−4]
[3]
[1] [2]
S
[4]
9 dc{nlY@Î@LodJ|{3dnzbvu0V =u{naYÏ{eod`aV{odnagaYK`kg=pkodc0na|{Y+jf`bvnlY©|{odgi`tV0odnagaY+`tg+¤
±²|FodnzxfYnigao8u{nlosYYKx ¢ ªY!|{YYKxb¬c{|0shgaod|¢V0szVPddY|PbLYnagaYhe # bv|0xPb
glX3Y3`kglYuO
sodX3u{cfglY*gaV0YY+bdnaY+`tg!bvnlnabvRx0bgaYK`bd|0x |{YdBodc0nl`ov # ¢@bvýgaYn!gaX3Y`tgaY+u|z¤F¿ªodX3u{cfgl|0 gaV0`
¬c0|0s®gloL|gzbv¡LY+`$ ½ o  Q9# V o Q xV¨¾`tgaY+u0`+¢fV{YnlY Q$# V9`gaV{Yy|{Y+LVwoLnaV{oLc0x
od # | P ¤
±²|Fodc{nybdLodnlÃglV{X¢wglV{Y;ganlYY @nlYu0naYK`tY+|Lg`tV0odnagaY+`tgpkodc{nl|{Yjf`©¬nlodX Q  	 V)gao8u0bvnz` Q9# UUVa¢
bd|0xglV{Y!bdnanzb£jUOc  Mz glYV{Y+naY!od|{YXc0`tg\ood¡¬odnb*dY+ntglYhe # |rglV{YglnaY+YgloV0b£LYygaV{Y
`aV{oLntglY+`tgpkoLc{na|0Yj*¬nlodX!\gao # ¢{`t|0sYb;LYnagaYheX3b£jbvu{uBY+bdn)`aYLYnzbvBgaX3Y+` ½ `tY+Y 9 dc0naYd¾h¤
	i|Pbvnlnzb£jN)*O#"$  )ªglY`\V{Y+|Pb
LYnagaYe`©naYKbdszV{YKxrY+bdnaYK`kg©|gaV{Y!ganlYYL¤\±²|wxfYYKx ¢OÃªgaV{Y+naY!`
bpkodc{nl|{Y+jBYhgkYY+|%;bv|0x `aodX3Y!dYnagaYe # gaV V{oLushoLc{|Jg&¥¢ bv|0xr@gaV0YnlY`©bpkodc{nl|{Yj8gzbv¡|0
X3oLnaY©gaV0bd|'&8V{odu0`¬nlodX!\gao # ¢fgaV0`pkoLc{na|0Yj
`nlYYbv|Jg)Ã=Ãgz`$bvnlnlbv x{bvgaY`$`tX*bdYngaVwbv|8gaV{Y
¬oLnaX3Y+npkoLc{nl|{Yj  `bvnlnabv x{bglYd¤
&ê?{ÿ@A	
ZK   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
(S,0)
(A,1)
(B,2)
(C,3)
(D,4)
(B,1)  (C,1) (D,1) (E,1) (F,1) (G,1)  (H,1)
(C,2) (D,2)  (E,2) (G,2)(F,2)
(D,3) (E,3) (F,3)
(E,4)
9 Lc{nlYy @U¥nlYYov=`tV0odnagaY+`tgu0bglV0`+¤
* EBË  = MJ @iA MJ Ë £ Ç L
 
	 ¹Pº 	 ¶ 	 ý¹ v¸lÅ20À a Å 	 º¸®Á¨º  	 S e _
 
	 `Àº¼zÀ¶¸®Á²ºh¼zÁ {ÅÁMÀÁ°¸aºzº  ªÅv¹ .Åv¹FÅv¸®¸aÅ» UOc  Mz S e  _
	 `Àº\Á°¸aºzº  ¶tÂ fÅý¸z¼kQ$# 2UV	 S eG  Å¹ ý¹0Á²º+Lº¸ V @Å¹Å¸®¸aÅv» )*O "$  )   S e   _
! _#"®¹*ýÁ8ÚÅ"%$Kº 4	4' Q  	 V&.&@)HO#"$  )  Q  V' 	 9Åv¹ .)(6#+*	  F)HO#"$  )  Q$# V'  _
,;_ V-'  _
. _  UOc Mz Q  V' Q   	 V _
/_10Àº!ÁÚÀfºh¸lº ¼ # 	 S e ¼®· 0®ÀÁÚÀfÅÁ  UOc Mz Q$# V ¼y¹B¶vÁ .Lº - ¹Bº2.4.L¶2
3 Å
4 ¶¸Å${Åý¸z¼ Q$# 2UV ý¹ÁMÀºÁM¸lºlº!ÅÁ .dº)wÁMÀ V 
.d¶2
_ $ºÁ)Å¥ÁMÀº¹Bº1 À X ¶·f¸ {Åý¸z¼ Q %?2V ¶tÂ Q$# 2UV _
_#"ÚÂ  UOc Mz Q %V ¼3¹B¶Á.dº - ¹Oº/. $ÁÚÀfºh¹  UOc Mz Q %Vk	 Q %U V _"ÚÂ )*O#"$  )  Q %V#5  
ÁMÀº¹ )*O#"$  )  Q %V	  Å¹ . Q %?2 V ¼Å*¼h¶v¹F¶tÂQ$# 2UV ý¹  _
3 X 4 V-' Vs4 _
©|0sY)gaV{Y$ganlYYV0bL`@wY+Y|3u{nloduBYnlj;shoLX;u0cfgaYKx ¢vglV{Y$nlYhganlYbvfodOby`aV{odnagaYK`kg pkoLc{nl|{Yj`R`tganzbvdVJga§
¬oLna)bvnzx ¥gaV{Y UOc Mzov¥bLYnagaYe # ddYK`9gshoLnanlY+`auBod|0xf|{yu0bdn Q$# 2UV|gaV{YiganlYYd¤ 'FYinlYhglnaYLY
glV{Y)pkodc0na|{Y+j
j
oJoL¡|{!¬odn$gaV{Y\ÚbglV{Yniov Q9# UUV9|8glV{YganlYY¤
6  Ë H Ë  =  =¬Ë < @ `Àfº40z¶Ä *º  ýÁM»¶tÂ;ÁÚÀfºÅ L¶v¸ýÁÚÀJÄ ¼  Q m87nV  7=Àº¸aº 7 ¼;ÁÚÀfº3Àf¶2<.ÚÅÄ*ºhÁ²º¸
¶tÂka7_
6  ËË:9  U)V{YX*bveXc0X x{YufglVov@glV{Y!ganlYY`igaV{Y!V{odux{bdX;YgaY+n;7 od9gaV0YYLod|{dnzbvu{V¢O`ao
glV{YganlYYshoL|Jglbv|0`=bg@X3oL`tg.v=<71u0bdnz`ov S e F ½ vbg@YKbdszV!x{YufglVw¾®¤R¿ªV{YKsz¡J|{©gaV{Y)|{Y+LVwoLc{nl`
odªb
LYnagaYe # gzbv¡dYK`$glX3Y3u{nloduBodnagaod|0bdgloglV{Y;x{YdnlYY!ov # ¢`aoszV{YKsz¡J|{gaV{Y;|{YdVBodc{nz`©ovªbd
LYnagashYK`=ovbshY+ntgzbv|*xfYufglV3glbd¡dY+`RbgRX3oL`tg?> m `tgaY+u0`¤=U)V{Y+naY¬odnlYd¢glV{Y©bdLodnlÃglV{X V0bL`RshoLX3u{YefÃgkj
 Q m87nVa¤
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ ZLZ
   *	=$	& !=)(* +
±²|
gaV{`)`tYKs®gaod|ªYi`aV{o'V{oglo!shoLX3u{cfgaY©¬odnlYX3oJ`kgpkoLc{nl|{Yjf`@¬nlodX b!`toLc{nlsY$|{ofxfY©gao!bdBovglV{Yn
|0ox{Y+`+¤Uoxfo
glV{`+¢ YÏ0nz`tg©u{nlY+`aY|Jgy`toLX;Y!u{nloduBYnagaY+`©ov@¬odnlYX3oJ`kgªpkodc{nl|{Yjf`+¤'PY;naY+X*bvnl¡glV0bg
glV{`u{nlod{YX )bd``tgac0x{YKx c{|0xfY+n!xf­BY+naY+|Jg;`aYhgtgl|0L`y| Õ¢:¢RZ  ¢@bv|wx bvu{u{sbgloL|0`| nlodBovgl`
|0Yhgkodnl¡`YnlY©nlYuBodnagaYKx| Z+  ¤
«i|f¬odnagac{|wbgaY+jbvJbv|¢Rg
`
odoLc0`!gaV0bvgb u{naYÏ{e pkoLc{na|0Yj¯odbP¬odnlYX3oJ`kgpkodc0na|{Y+j¯`*|{ovg
|0Y+shYK`a`lbvnlj
b!¬odnlYX3oJ`kg=pkodc0na|{Y+jd¤  ovgkgaV0`tglbd|0xf|{0¢fglV{YgaV0YodnlYX wY+o `tV0o$`RglV0bgglV{YnlYyYhef`kg
¬oLnaY+X3oL`tg{pkodc{nl|{Y+j`gaV`ac0szVbiu{naoLuwY+ntgkj|bglX3YKxYLod|{idnzbvu{V¤ 9 c{nagaV{Y+nBYoy¢vm@nloduBYnagkj!Z
`aV{o$`V{o `tc0szV!pkodc0na|{Y+jf`)V{YurshodX3u{c{ga|{3Y+bvnlYK`kg=pkodc0na|{Y+jf`)|b;gaX3Y+x8YLodJ|{;dnzbvu{V¥¤
 J ÇË  Ç  @iA  =  =  Ë  Ç f * =¬Ç 	 Ë  <ÇJÈ L N ºÁ6#¯Åv¹ . % X ºiÁ 7R¶ 	 º¸®Á 60lºh¼ ý¹ Å  	 ºh¹rÁ ýÄ*º/.
º 	 ¶ 	 ý¹d¸aÅ2wÀa7_ "ÚÂ)ÁÚÀfºh¸aº ¼iÅ@µ¶·f¸®¹Oºh»ý¹Ra  ý¹$# ý¹ #Á²¶ % ÁÚÀfºh¹ÅÄ*¶¹>!Åhµ¶·f¸®¹Oºh»£¼ "ý¹ #ý¹>#
Á²¶ % ¥ÁMÀº¸aºiº  ¼zÁM¼$ÅÁ ºlÅ¼®Á¶¹OºÂh¶v¸aºhÄ*¶£¼®ÁJµ¶·f¸®¹Oºh»¼®· 0hÀÁÚÀfÅÁ=Å$ýÁM¼ B¸aº -  µ¶·f¸®¹Bº»£¼iÅ¸aº$ÁÚÀfºhÄ!¼º 	 ºh¼
Âh¶v¸aºÄ3¶¼zÁBµ¶·f¸®¹Oºh»£¼_
w· 0hÀÅ$µ¶·f¸®¹Oºh» ¼=0zÅº2. c{{Jc{Ãglodc0`¬odnlYX3oL`tgpkoLc{nl|{Yj ½ ¾ _
6  ËË:9  U)V{YyglV{YoLnaY+X wYu0naoLY+xJj8|0xfc0shgaod|rod|8glV{YYKbvnlY+`tg$bvnlnabv¥x{bvgaY¬nlodX # gao %w¢
O Q9# +%IVl¤
M¤)±¨ O Q9# +%IVK	 	{¢fgX3Y+bv|w`RglV0bg # 	%
bv|0x
gaV{YY+X;u{gkjypkodc{nl|{Y+j
`abvga`kÏ0YK`ªgaV{YVjuwodgaV{YK`t`ovbd|
 ¤
M¤  o `ac{u{uBoL`aY\gaV0bvg$gaV{Y+naYyYef`tgl`bd|8|JgaY+dYn15 	*`ac0szV8gaV0bvg+¢{ O Q$# &%  V9`$`tganlshgaj`aX3bdYn
glV0bv|¢glV{Y|8glV{YnlYy`bd|  ¬nlodX # gao %  ¢f¬oLn$bv|j
ddY+|LYnagashY+` # bv|0x %  ¤
U)V{Y+|¢0Yhggko3dY+ntglsY+` # bd|0xN%
wY!`tc0szVgaVwbgO Q$# &%V'	¤ 'PYyu{nlodY©gaVwbg$glV{YnlYy`bd| 
¬nlodX # gao %bd`¬oLo$`+¤
%|0sY O Q$# &%V¥`R|{ovgª|fÏw|{ÃglYd¢LgaV{Y+naY©bvnlY)`aodX3Y@pkoLc{nl|{Yj!| a wYgkªY+Y| # bd|0x %B¤ 	iX3od|{glV{YX¢
glV{YnlYy`©b;¬odnlYX3oL`tg=pkodc{nl|{Y+jN3od|rb3nlodcfglY Q ) M0) ] +)-, Va¤ 	i`O Q9# +%IVR`$`tganlshgajuBoL`aÃglLYd¢
3 `@|{odg9YX3ufgkj!bd|0x : d¤=ÍYg9|{o  'wY)glV{YdY+ntglYheV{szV3X3X3Y+x{bvgaYju0naYKshY+x{Y+` %|3r¤
%|0sYK*`$`tganlshgajuBoL`aÃglLYd¢0gaV{YYKbvnlY+`tgibvnlnlbvx0bgaYwYgkªY+Y| # bd|0x   `$`kglnas®glj`aX3bdYn
glV0bv|¤,iY|0sYd¢glV{YnlYy`bd|  BYhgkYY+| # bd|0x  ¢0xfY+|{ovglY+x¯¤
K
J
u
vw
9 dc{nlY 9«i{Jc{gaoLc0`¬odnlYX3oJ`kg=pkodc0na|{Y+jd¤
&ê?{ÿ@A	
Z£   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
 Y+`axfY+`+¢`a|0shYio  o J `
odoLc0`tj¯`aX3bdYn3glV0bv| o 3  o J ¢)V{YnlY3  `tglbd|0x{`;¬oLn*gaV{Y
u{nlYhÏ0epkodc0na|{Y+j
ov3nlY+`tganlshgaY+x¬nlodX # glo ¢0YyxfY+x{c0shYglV0bg%?	 \' Q   +%IVRganzb£dYnz`aY+x
bvggaX;Y 2 Q2Q   +%IV2V&.;`b\pkoLc{na|0Yj
| a ¤ 9 c{nagaV{Y+naX3oLnaYL¢  `$b;c{{Lc0Ãglodc0`)¬oLnaY+X3oL`tgpkoLc{nl|{Yj
BYhgkYY+| # bd|0x\%B¢OwYKsbvcw`tY!Ãg\`\b*¬oLnaY+X;oJ`kgRpkodc{nl|{Yjgl`aY ½ `lbvX3Y!bdnanl£bdx{bvgaY;bd`F3¾®¢ bv|wx
 `$bv|8c{{Jc{Ãglodc0`¬odnlYX3oL`tgoL|{Yd¤
M¤ 'FYxfYKxfc0shY\glV0bg$¬oLn$bv¥shoLc{u{Yov=dYnagashYK` # bv|0xN%
| a ¢0 # bd|0x %bvnlYyshod|0|{Y+shgaY+x¢{V{szV
`Y Jc{bvY|Jg)gao O Q$# &%V	  ¢fglV{Y|8gaV0YnlY\`$bd|  wYgkªY+Y| # bv|wx %B¤
'FY|{o'uwoL|Jg)odcfg)V{o'YKbvnlY+`tgbdnanlbdwx{bvgaY+`|bd|  s+bv|BY\Y+bd`aj*shoLX3u{cfgaYKx
glV0bv|0¡`Rgao
glV{Y$¬c0|0s®gloL|
 Q );+2Vl¢LV0szV
LLY+`+¢v¬oLnRY+bLszVbvnzs) 	 Q$# &%Va¢fbd|0x*Y+bLszV3gaX3Yi|0`kgzbv|Jg;z¢JgaV0YiY+bdnaY+`tg
X3oLX;Y+|JgbvýgaY+n RV{Y+naY|{ofxfY # s+bv|ganzbv|0`aX3Ãg)gaV0YyX;YK`a`lbvLYiglo3Ãgz`|{YdVBodn % 
( ) 	dTe ( 	\x
 Q );&UV>	XWKY Z'M  )o	\<  Q ) V ¼®· 0hÀÁMÀÅÁ  2= Q ) V  .J¤
6  Ë H Ç £ È @iA!Ë OH¥ =<>E Ç f * =¬Ç +3{K = D  *$Ì{ Ç  =<  <  LON ºhÁ  Å¹ . % X º©Á 7R¶ .¼®Á8ý¹ 0hÁ
	 º¸®Á860zºh¼ý¹da)Å¹ . 3 X º!Åv¹Âz¸a¶vÄ  Á²¶ % ª¶¹FÅ*¸a¶·fÁ²º Q ) M+) ] +)-,;V ªÅ¹ . : 5  _ N ºÁ># X º
ÁMÀº 	 ºh¸®Á²º  7=À 60hÀ ýÄ!Ä*º2.ÚÅÁ²º1Þ» B¸aº20lº2.Lº®¼ % ý¹ 3 _ `Àº¹ O Q  +%IV'	
 Q )-,cO Q   # V2V = Q )-,;V _
6  ËË:9  'PYyu0naoLYiglV0bg O Q  +%IV.q
 Q )-,;O Q   # V2V = Q )-,;VRbL`¬odo$`+¤
	©` 3 `$bd|  ¢0ªYV0b£LY o 3   o L	O Q   # Vl¤
U)V{Y+naY¬odnlYd¢
3 	 3  \'*)-,yglnlb£LYnz`tYKx
bg)gaX3Y
 Q )-,cO Q   # V V&.
`$b©pkodc{nl|{Y+j
wYgkªY+Y| bd|0x %B¤
¿ªoL|0`txfY+na|{;gaV{YybdnanlbdOx0bgaYyod¥glV{Y)pkodc{nl|{Y+j 3 M¢{Yx{Y+xfc0sYgaV0bvg
O Q  &%V q
 Q ) , O Q   # V2V A Q ) , Vl¤
%|0sY 3 s+bv|{|{odgYKb£dY\|{ofxfY # wY¬odnlYybvnlna|{3bgg+¢fglV{Yyu{nloduBYnagkj3¬odo$`+¤
   - 35&F*%0+ -!
 Y+oy¢YPLLYbv| Y
shY|JgrbvdodnlgaV{XgaoshodX3u{c{gaYPgaV{Y `t|{LY§¨`aodc{nzshY  `8| 9 %   `+¤ ±²|
oLu{uBoL`aÃgloL|3gao© pk¡f`tganzb  `RbdLodnlÃglV{X¢dY$X*b£j!V0b£LYgaooduBY|bdnls+`=¬naoLX bdna0Ãglnlbdnaj;shoL`aY+x;|{ofxfY+`ª|
s+bd`aYiglV{Yj8bvu{uBY+bdn|rbd|c{uOshoLX3|{ P ja¤
* EBË  = MJ"!
! _#Å #vº*Å V  %  	   X ·fÁOÂh¶¸ V    	 	 _#Å #vº*ÅLÂhÅvÁÚÀfºh¸  %  	 v$&% _ "h¹ ýÁ ÚÅ"%$Kº*ÅÄ5ý¹*¨ÀºzÅ2
 @¼¶¸®Á²º2. X » V 7:ýÁMÀ¶v¹ Þ»  ý¹PÁÚÀfº¸a¶K¶Á_
,;_10Àº  *	' .L¶
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ Z 
3 Å
4   Á°¸aÅ 0hÁ  RÁMÀº 	 º¸®Á¨º  ÅÁ "  Q RV Å¹ .401¶£¼º5ýÁ_
3 X 4;º1ºhÁ²º "  Q RV _
3 0 4 `{¸aÅ 	 º¸z¼ºÁMÀº;Å .kµÅ 0zºh¹ 0h» "¼®Á)¶tÂ  Åv¹ .iÂh¶¸!ºzÅ 0hÀ¶fº¹F¹Bº1 À X ¶v¸ % .L¶2
_9¶vÄ B·fÁ¨º 
 Q  &%?+V     V _
_ "T %	
 Q  +%IV 2"¬Â 
 Q  &%?+V     VC Q  +%IV  V  %  ÁMÀº¹!· $.dÅvÁ¨º V  %  7:ýÁMÀ 
 Q  &%?+V     V
 Q  &%V · 3.LÅÁ²ºÂhÅÁMÀº¸  %  7:ýÁMÀdQ  Oc 
 Q  +%0V?    V V $Åv¹ .4ý¹{¼º¸®Á % ý¹   Â=ýÁ
7RÅ¼
¹O¶ÁÁÚÀfºh¸lºÅÃ¸aºzÅ .» _
3 .
4*3.LÅÁ²º  _
 ovgashYgaV0bvg!oLc{n!x{bvglb `tganlc0shgac{nlYbvo$`bJc{sz¡FsodX3u{cfgzbgaod| ov)gaV{Ybvnlbd{Y
¤ ±²|0xfY+Y+x ¢
gaVPb
{|0bvnlj`tYKbvnzszV¢{glV{`\shoLX3u{cfglbvgaod|s+bv|rBY;x{od|{Y|  Q     Va¤ 	i`©ªY!V0b£dY`aYY+|rwY¬odnlYd¢
glV{Ybdnabv{Y 
 Q  +%0V?    V|0xfsbvgaYK`$glV{Y!YKbvnlY+`tg$glV0bg|{ofxfY   sbd|ganzbv|0`aX3Ãg©gaV{Y;X3Y+`l`abddYyglogl`
|0YdVwoLn@%B¤±¨ 
 Q  &%?+V     VB`YKbvnlj©Y|{oLc{dV¢KglV{Y|yglV{YRYKbvnlY+`tg¥bvnlnlbvLx{bglY9¬nlodX gaV{Y`toLc{nlsY @glo %
BY+sodX3Y+`¥gaV0Y9gaX3Yª|0`tglbd|LgV{Y|gaV{Yªganzbv|0`aX3`l`aoL|\oLYn Q  +%IVBÏ0|{`aV{Y+`+¢M¤ Yd¤ 
 Q  &%?+V     V Q  +%IVl¤
U)V{Y8¬oLnaY+X;oJ`kgpkoLc{na|0Yj `;¬odc{|0xj 0bLsz¡LglnlbLsz¡|{gaV{Ybvnlbv{YÚbvgaV{Y+n+¤±²|sbL`tYgkªo `ac0s®§
sY+`l`tdYgaX;Y§°bvBY`\xfÃ­OYnjX3odnlYygaV0bd| glV{Y!sodnlnaYK`tuBod|0x{|{Nf¢BgaV{`\X3u{Y+`©gaV0bvgiglV{Y¬oLnaY+X3oL`tg
pkoLc{nl|{YjrjYx{`yb¬odnzshY+xP`kgzb£j ovªgaV{Y3|f¬odnlX*bgloL||PglV0bgyLYnagaYher¬oLnb8|Jc0XBYnov)`kglYu0`+¢¥c{|Jgl
glV{YshoL|{|{YKs®gaod|8`)Y+`tglbv0`tV0Y+xgao*gl`$`ac0ssY+`l`toLn+¤
'FY
sbd|P`aYY;gaV0bvg+¢`kgzbvnaga|{¬nlodX L¢¥gaV{Y*bvdoLnagaV0X Yhe{bvX3|{Y+`bv@gl`|{Y+LVJBodnz` ½  Q  V¨¾h¢bv|wx
¬oLnyY+bLszVFoL|{Y;gaV{Y+naY*`yoL|{Y3glbd{Y*ood¡J§¨c{ugloÏ0|0xFglV{Y*bvxFY+x{dY
`lszV{Y+xfc0Y3glX3Y+`+¢¥u0c0`!b8V{Y+bdu
c0uBx{bvgaYL¤\U)V{Y+naY¬odnlYd¢w¬odn\Y+bLszV shoL`aY+xrLYnagaYhe ¢wgaV{Y3bvdoLnagaV0X uBYna¬odnlX*`  Q     vOVoLuwY+nt§
bvgaod|0`+¤ ,$Y|wshYd¢0gaV{Ygaodglbv¥|Jc0XBYniod@oduBYnzbgaod|w`)`©bgiX3oL`tg  Q   o  Q %Vo Q       vOV  V
  Q m Q         vOV2Va¤U)V{Y;bvdoLnagaV{X gaY+naX3|0bgloL|r`©shY+bvn R| YKbdszVr`kglYu od=gaV{Y!oodu{¢0oL|{YdY+ntglYhe8`\shoL`aY+xbv|wx
Y3|{YLYnynlYh§¨|w`tY+ntgybshoL`aY+xPdYnagaYe|Lglo8gaV{Y*V{YKbvu 3¤
U)Vc0`\gaV0Y*oodu `naY+uwYKbglY+xFbgX3oL`tg v
glX3YK`¢@bv|wxFgaV{YbdLodnlÃglV{X.Y+|0x{`+¤rU)V{Y
bvx{ÃgkjFov)gaV0YbvdoLnagaV{X RBYu0naoLY+xgaV{nlodc{LV gaV{Y
¬oLo|{!YX3X*bd`+¤
ªÇ    @ ¥¶v¸Å 	 º¸®Á860zºh¼ #(ý¹ S e  V? #  	O Q   # V 7=Àfºh¹N# ¼=01¶£¼º2. _
6  ËË:9   j
|wxfc0s®gloL|od|gaV{Y`aYhg  	('   $H)*V % ) " U) .L¤
M¤ 	gglV{YywY+d|{|{|{0¢  	4'  .ybv|0xV    	
	 	O Q    Vl¤9U)V{Yu{nloduBYnagkj
V{odx{`+¤
M¤ %c0u{uwoJ`tY©gaVwbgbg`toLX;Y©X3odX3Y|JggaV{YbvdoLnagaV{X V0bL`sodnlnaYKs®glj3shoLX;u0cfgaYKx ;¢{bv|wx
bLYnagaYe #
`)gao3BYshoL`aY+x ¢f°¤ Yd¤¢{Ãg$`bgglV{YyX3odX3Y|Jg=pkc0`tg$wY¬odnlYshoL`a|0 # ¤
±¨ !bv|wx # bdnaY|0ovg\sod|{|0Y+s®glY+x ¢ # sbv|r|0YdY+niBY|0`aYnagaY+x |rglV{YV0Y+bvu 3¤\¿ªod|w`tYLc0Y|Jgajd¢BÃg
s+bv|{|{odgwYsoJ`tYKx ¤
U)Vc0`+¢ bv|0x # bvnlY©shoL|{|{YKs®gaYKx ¢{bv|wx*gaV0YnlY©`)b$pkoLc{na|0Yj*BYhgkYY| ybv|wx # ¤=Í¥Yhg3 BYybv| 
¬nlodX !glo # ¤yU)V{`ªpkoLc{na|0Yj|{¡f`©gaV{Y;dY+ntglYhe ;|0`txfY;ov  gaogaV{Y;dY+ntglYhe # odcfgz`txfY;ov ;¤
Í¥YhgR|{o!BY)gaV0YÏ0nz`kg9LYnagaYhe;|3 V{szV*`@|{ovg9|;¢bv|0x   BY)gaV{YidYnagaYe!V{szV3u{nlY+shYKxfY+`
X3X;YKxfbgaY+j
|\3 ¤
&ê?{ÿ@A	
Z+   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
J
s
x y
u
C
9 Lc{naY= 9bvxfgkj
od 	iLodnlÃglV{X =YKbvnlY+`tg$bvnlnabv x{bglY+`+¤
%|0sY V0bL`)wY+Y|rshoLnanlY+shgaj
shoLX;u0cfgaYKx ¢fgaV0Y| V     	 O Q     Va¤
	$ýgaYnF"sT% 
 Q   ?Va¢fV{szVbL`ªuBYna¬odnlX3Y+xV{Y|   )bd`soJ`tYKx ¢fªYV0bLx
V?   q 
 Q    +V     V = Q   V
q 
 Q    O Q     V V = Q   V
q O Q   ?V Q H)H) <"  S) "M RV2
 cfg V?   `bvnldYnªodnY Jc0bdwglo O Q   V=j
xfYhÏw|{ÃgloL|¤9U)Vc0`+¢JY©x{Y+xfc0sYiglV0bgV    	 O Q   ?V
bvggaV{Ysod|0`ax{YnlY+x
X3oLX;Y+|Jg+¤
 Y+`axfY+`+¢fÃggzbv¡LY+`b;uwoJ`tgadY\glX3Ygao*Lo¬nlodX 
gao # ¢fX3u{j|0 O Q   V.q O Q   # Va¤
,iY|0sYd¢
V    	 O Q   ?V
q O Q   # V
q V? #  
 cfg rwY+oL|{L`igaogaV0Y;V0Y+bvu  $bg\YKbd`tg`a|0shY"sT% 
 Q   ?V)bd`©YhefY+scfgaYKx/ bv|wx # V0bd`
pkc0`tg$BYY|rbvggaV{Yynloovgov 3¢
V  #  q V?   ¤
' V{Y+|0shYL¢BV?   	 O Q   ?V 	 O Q   # Vx	4V  #  ¢Obd|0x  nlYX*bd|0`©shoLnanlY+shgaj8sodX3u{cfglY+x bvýgaYn # `
soJ`tYKx ¤
 ovgashYbL`)ªY+OglV0bgO Q   ?VK	O Q   # Va¢0X3u{j|{W	 # ¬oLn bv|wx # BYod|{L|0!glo3r¤
U)V{`nlY+`ac{gs+bv|wY`aYY+|8bL`¬odo$`+¤ ' V{Y|8ªYysoJ`tYyb;dY+ntglYhe   ¢0Ã 
`bv|8odcfga§°|{Y+LVwoLnod
  ¢@"sT% 
 Q   ?VshoLX3u{cfgaYK`shodnlnlY+s®gljV     Â3Åv¹ .r¶v¹ Þ»  Â glV{YnlY`©bd|  BYhgkYY+| ;bv|wx
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ Z£
8V{szV c0`aY+`)glV{Y!bdnls Q   ?VªgaonlY+bLszV B¤)±¨R`ac0szV bpkoLc{na|0YjxfoY+`$|0ovgiYe`tg+¢S"T %	
 Q   V
LLY+`;b ½ u{nao`toLnaj{¾\YK`kglX*bglY+x £bdc0YgloV    ¢9V{szV `ac{0`aY Jc{Y+|Lglj BYX;ofxfÏ0YKx bv|wx
sodnlnaYKs®gaYKx
BYh¬oLnaY 
`shoL`aY+x¤
M¤U)V{Y+naY¬odnlYd¢fV{Y+|glV{YbvdoLnagaV0X Y|0x0`¢{bd LYnagashY+` # LYnlÃ¬j V? #  	O Q   # Va¤
±²| oLnlxfY+nygaoru0naoLY3gaV0bvg	$doLnagaV{X 8Yh­OY+shgadYj shodX3u{c{gaY+`  `BYhgkYY+| 
bv|wx bvRovglV{Yn
LYnagashYK`¢Y;Ï0nz`kgy¬oLnaX*bvj xfYhÏ0|0Y*V{o glornaYKshodY+n  `y¬naoLX gaV0Y*£bdnabv0Y!ÚbglV{Yncw`tYKxP|FgaV{Y
u0naofshYKxfc{nlYQ"T %	
¯¤
98Ç;:'<>=  =¬Ë?< ! A   =< Ì Ç Ì  È 9 { J Ç  L
`ÀfºRµ¶v·f¸®¹Bº» Q 3 ÂhÅÁMÀº¸ +2 ÂhÅvÁÚÀfºh¸ V ý¹ .v· 0zº/. X »iÂhÅÁMÀº¸  %  X ºhÁ 7Rºzºh¹  Å¹ . % ¼5.dº - ¹Oº/.
¸aº20h·f¸z¼ 	 ºÃ»
Å¼9Âh¶¶7=¼_
_;"¬Â@ÂhÅÁMÀº¸  %  	4v$&% Q 3 ÂhÅÁMÀº¸ 02 ÂhÅÁMÀº¸ V ¼=.dº - ¹Oº/.Å£¼yÁMÀº;ºhÄ wÁ°»µ¶·f¸®¹Oºh» _
_ N ºÁR¹O¶7 Å 	 º¸®Á¨º  # X ºy¼®· 0hÀÁMÀÅÁxQ 3 ÂhÅÁMÀº¸ +2 ÂhÅvÁÚÀfºh¸ V ÀÅ¼ X ºzº¹ .dº - ¹Oº/. _
¥¶v¸Å % 7:ýÁÚÀ 	 ºh¸®Á²º  QÂhÅvÁÚÀfºh¸  %  VK	 # 7Rº - ¸z¼®ÁR¹B¶vÁ860zº=ýÁ¼ºzÅ£¼®»
Á²¶;¼ºzºÁMÀÅvÁ
      ! 	  
 Q$# &%?+V  #  VU 
 Q9# +%0V? #  V?= Q$# &%V  X º¶¹v¼Á²¶;¼¶Ä*º!º1ºÄ3º¹0Á
ý¹ <  Q$# &%V _
` Àfºh¹ 7Rº .dº - ¹OºxQ 3 ÂhÅvÁÚÀfºh¸ +2 ÂhÅÁMÀº¸ V'	 Q 3 ÂhÅvÁÚÀfºh¸ 02 ÂhÅÁMÀº¸ V 
' Q$# &%Vwglnlb£LYnz`tYKxbvgglX3Y 
 Q$# &%?+V  #  V+. _
 Yoy¢LÍ¥YX3X*b`aV{o$`=gaVwbgªV0Y| 	$doLnagaV0X Y+|0x{`+¢LbydY+ntglYheK%!`ªshoL|{|{Y+shgaYKx;gaoL¢vglV{Y|
Q 3 ÚbvgaV{Y+n +2 ÚbvgaV{Y+n V9`)ªY+x{YhÏ0|{YKx ¤ 9 c0ntglV{YnlX3odnlYd¢ Q 3 ÚbglV{Yn +2 ÚbglV{Yn V9`bd|  ¬nlodX ygao %B¤
ªÇ    ! ¥¶v¸Å 	 ºh¸®Á 60zº®¼ % ý¹S e  7=Àfºh¹ % ¼ 0¶¼º/.  Q 3 ÂhÅÁMÀº¸ +2 ÂhÅvÁÚÀfºh¸ V ¼7Rº1 .dº - ¹Bº2.
Åv¹ .
¼Å )Âz¸a¶Ä  Á¨¶ % _
6  ËË:9  U)V{YynlY+`ac{Ãg¥wYyu{nlodYKx
j
|0xfc0shgaod|od|gaV0Y`tYg  odshoL`aY+xdY+ntglsY+`+¤
M¤ 	gglV{YywY+d|{|{|{ 	 '  .bv|wx
glV{Yyu{nloduBYnagkj
V{odx{`+¤
M¤ %c0u{uwoJ`tYglV0bg\bg$`toLX3YyX;oLX3Y|Jg  Vwbd`BYY+|sodnlnaYKs®gljsodX3u{cfglY+x ¢wbv|0xb;dY+ntglYhe %`)glo*wY
soJ`tYKx ¤ 	i`g$bL`xfod|0Y\|rÍY+X;X*b8Zd¢fYyshoL|0`txfY+n)gaV{Yy|0`tglbv|Jg=pkc0`tg$wY¬odnlYshoL`a|0K%B¤
%|0sYV? %  bL`=|;glV{Y$nloJodg@ovBgaV{YV{YKbvu 3¢/V? %  `@|0ovg9|fÏ0|{gaYL¢LX3u{j|{yYVwb£dY)u{nlYoLc0`aj
X*bdx{Y;`aodX3YnlYbef|{oLYn\`toLX;Y;bvnzs`©ÃglVPxfYK`kgl|wbgaod|8%w¤Í¥Yhg "T %  
 Q$# &%VªBY!gaV{Y;bL`kg
oL|{Yd¤ ' V{Y+|glV{`oLuwY+nlbvgaod|
)bd`RYhefY+scfgaYKx ¢ÚbglV{YnM %  bL`9c{uOx{bvgaY+xgaV Q9# O; 
 Q$# &%?+V  #  V2Va¤
	©`Ãg$`gaV0YybL`kg$nlYbef|{0¢JÚbglV{YnM %  `tga¥¡dYY+u0`gaV0`bdc{YL¤
&ê?{ÿ@A	
Z   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
C
u
v
9 dc{nlYy   9bvx{Ãgkjov 	$dodnlgaV{X    `¤
 o |{ovglsY;gaV0bvgG"T %	
 Q9# +%IV)sbd|od|0j BY3YhefY+scfgaYKx nlLVJgbvýgaYnysoJ`t|{ # ¤U)V0YnlYh¬odnlYd¢
# 	 ;¢Rbd|0x Q 3 ÚbglV{Yn +2 ÚbvgaV{Y+n V©`;ªY+)xfYÏ0|{Y+x¢9bv|0x Ãg;`3bv|  ¬naoLX 
glo # ¤,iY|0sYd¢
Q 3 ÚbglV{Yn +2 ÚbvgaV{Y+n V*`8YyxfYhÏ0|0Y+x ¤ 9 c{nagaV{Y+naX3odnlYd¢©j iYÏ0|{gaod|}       ! ``ac0szV glV0bg
Q 3 ÚbglV{Yn +2 ÚbvgaV{Y+n V¥sbd|3wYYKbd`aju{nlodYKx!bL`=wY+|{bªpkoLc{na|0Yj| a BYhgkYY+| ibv|0x%B¤Íbd`tgajd¢
szV{YKsz¡|{;glV{Ybvnlnabv x{bvgaYd¢fgaV

 Q$# &%?+V  #  V?A Q$# &%V'	V  %  	 O Q  &%Va¢
YyxfY+xfcwshYgaVwbg Q 3 ÚbglV{Yn +2 ÚbglV{Yn V9`b!¬oLnaY+X;oJ`kg=pkoLc{na|0Yjd¤
±¨g`bd|  BY+s+bvc0`aY Q 3 ÚbvgaV{Y+n +2 ÚbvgaV{Y+n V)`bd| c{{Jc{Ãglodc0`©¬oLnaY+X;oJ`kg\od|{YL¢ bv|0x gaV{Y;Y+X3X3b
¬oLo$`¤
	}sod|0`aY Jc{Y+|0shYovgaV{YbdwoLY©nlY+`ac{gl`)`)gaV0Y¬odo|{!gaV{Y+odnlYX¤
 J ÇË  Ç  !   J¶¸ýÁMÀLÄ , 0z¶¸®¸aº20Á8Þ» 0l¶vÄ B·fÁ¨ºh¼ +¼RÂz¸a¶vÄ Å
¼¶·f¸ 0zº¹B¶.dº  Á¨¶8Å=¶ÁMÀº¸z¼¹B¶.dºh¼
ý¹  Q m Q    Y    vOV2V Á ýÄ3º _
   *	=	 	 & =)(* +  r
±²|odnzxfYn©gao8shodX3u{c{gaY!bÚbd`tgaYK`kgªpkodc{nl|{Y+j8BYhgkYY+|bv|j8gkodY+ntglsY+` # bd|0x\%B¢ ªY;shodc0xrcw`tY!gaV{Y
bdLodnlÃglV{X.bdwoLY!gloshoLX3u{cfgaYL¢¥¬oLnY+bLszVglX3Y`tgaY+u z¢¥glV{Y3¬odnlYX3oL`tgpkodc0na|{Y+jBYhgkYY+| # bv|0x%
|gaV0Y`tc0f§°Y+doL|{*dnzbvu{Vw` QP  QP   P  P ^ V2Va¢Obv|0x8glV{Y| sodX3u{cfglYygaV0YX3|{Xc0XoLYn$bd
Rq ¤U)V{`odc{xFjY+x bglX3Y8shodX3u{Yhefgkjod  Q m  Q         vOV Vl¤ 'PY8`tV0o1| gaV0`
`aY+shgaod|8V{o glo3X3u{nlodY©gaV{`)glX3YyBodc{|0x8|8gaV{Ys+bd`aY\odc{|JglX3Y+x8Y+dod|0!Lnlbdu{V0`+¤
©0`aYnldYbdLbd|gaV0bvg\b3u{nlYhÏ0e8od=b3ÚbL`kglY+`tg9pkodc0na|{Y+j`$|{odg©b3ÚbL`kglY+`tg@pkodc{nl|{YjL¤«$|f¬oLntglc{|0bglYjd¢
glV{`©nlYX*bd|0`iganlc{YL¢ YdY+|RY!c0`aY!gaV{Y;|{ovgloL|od · X Z·3ýÁ²¶·¼ Úbd`tgaYK`kgpkodc0na|{Y+jd¢bL`iY;x{x|PgaV{Y
u0naY+Jodcw``aY+shgaod|¤
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ Z
±²|Pc{|JgaX;YKx Y+dod|0
dnzbvu{Vw`¢Lpkodc{nl|{Y+jglX3YK`©nlYu0naYK`tY+|LgigaV{Y;|c{XBYnovR`ac{{Lnlbdu{V0`icfga´YKx ¢
bd|0x b3ÚbL`kglY+`tgRpkoLc{na|0YjwYgkªY+Y|rgko
LYnagashY+`iwY;od|{YgaV0bvg©nlY Jc{naYK`gaV0Y!X3|{X!c{X |c{XBYn
od$shod|w`tYKshcfglLY3`ac{{Lnlbdu{V0`glo shoL|{|{Y+shggaV0YX¤rU)VJcw`¢ªYsbv| `lb£j glV0bg!bdR|{ofxfY+`wY+oL|{d|{gao
b`lbvX3Y*shoL|{|{Y+shgaYKxPsodX3uwoL|{Y|Jg| bLLY| `tc0{dnzbvu{VFsbd|PnlY+bLszVPYKbdszVodgaV{Y+ny| X3|{X!c{X glX3Y
½ xfYhÏw|{Y+xrbL`3|glV{`isbd`aYK¾h¤ªU)V{Y+naY¬odnlYd¢glV{YbvdoLnagaV{X*`)LLY||8glV{`©`tYKs®gloL|bdnaY0bL`tYKx8od|8gaV{Y
sodX3u{cfgzbgloL|odshoL|{|{YKs®gaYKxshodX3uBod|{Y+|Jgl`)|8YKbdszV8bv|0xbv`ac{{dnzbvu0V0`¤
¿ªoLX;u0cfga|{!sod|{|0Y+s®glY+x
sodX3uBod|{Y+|Lgz`9|bLnlbdu{V P 	 QS UTWV¥gzbv¡dYK`  Q o S o  o To V@`kglYu0`    ¢f`ao
oLc{n)bvdodnlgaV{X*`9wuBYna¬odnlX bg)YKbd`tg7m     o T  odoLuwY+nlbvgaod|0`+¤ ,$oYdY+n+¢J`t|0sY .dº1Åv» Q$# &%V'	 	
bd|0x*od|0j3gaV{Y+j
bvnlY©sod|{|{YKs®glY+x*|oL|{YiodgaV{Y\`tc0{dnzbvu{Vw`¢bgYKbd`tgª¬oLnRglV{Y\sodX3u{cfgzbgloL|
ov¥bd
uwbvnl`9Úbd`tgaY+`tgpkodc{nl|{Yjf`ªxfY+`lshnlBY+x
| %Y+shgaod|{¤ wY+oy¢`tcwszVbsodX3u{cfgzbgloL|
naY+u{nlY+`aY|Jgl`ªboªY+n
Bodc0|0x8od|gaV{YglX3YshoLX3u{YefÃgkjL¤
   0& 8,-!;-
k"I1 ,$ ! * ,>! * -;k", !
U)V0Yy¬odo|{
bdLodnlÃglV{X Ï0nz`tg©shnlY+bvgaYb
x{Lnlbdu{VV{YnlYygaV0YdY+ntglsY+`$bdnaYyglV{YYLc0bvY|Jg©sbL`a`aY+`
x{YhÏ0|{YKxFJjgaV{Y
sod|{|0Y+s®glY+x shoLX3uwoL|{Y|Jgl`+¤ 	 sod|{|{YKs®glY+x shoLX;uBod|0Y|JgbgygaX3Y`tgaYuB©V0bd`ybd| bvnzs
|Jgao*b3shoL|{|{Y+shgaYKx8sodX3uBod|{Y+|Lg$bvgglX3Y`tgaY+un/4d¢{glV{Yj8`tVwbvnlY\b3shoLX3X;oL|LYnagaYeO¤
* EBË  = MJ
	 A MJ =< L
  	# ¹Pº 	 ¶ 	 ý¹> v¸lÅ20À a7_
  	 `Àº . d¸aÅ2wÀ P _
! _  Á$ºlÅ 0®ÀrÁ ýÄ3º¼®Á²º   q4q  0z¶Ä w·fÁ²º3ÅÁÚÀfº 0z¶v¹0¹Bº20Á¨º2. 0z¶Ä f¶v¹Bº¹0ÁM¼   ¶kÂsP   7=À 60hÀ
 	 ºh¼ÁÚÀfºy¼ºÁKS7Q UV _
,;_#"¬Â3Å 	 º¸®Á¨º  # ¼=ý¹ ÁMÀº 0z¶¹w¹Bº20hÁ²º2. 0z¶vÄ {¶¹Oºh¹wÁ   	 S7Q UV Å¹ . ý¹FÁMÀº 0z¶v¹0¹Bº20Á¨º2. 0z¶Ä 
f¶v¹Bº¹0Á  @	 S7Q 4 V 9ÁÚÀfºh¹PÅ . .Q  s  V Á²¶ T 7Q UV _
. _)P 	 Q g S7Q UV2 g T 7Q UV V _
 +   	 Q v     o T  o V _
±²|PodnzxfYn©gao8shodX3u{c{gaY;X;|{Xc{X x{Yb£j`©| gaV0`\|{Y+}naY+u{naYK`tY+|Jgaod|¢BªY;|{Y+Y+xrglosod|{|{YKs®g\gaV{Y
bLs®glc0bv LYnagashY+`od a gao;gaV{Y+n©shod|0|{Y+shgaY+x8shoLX3uwoL|{Y|Jgl`+¤@U)V{``x{od|{Yy|glV{YbvdoLnagaV0X wY+oy¤
* EBË  = MJ AkÇ! H < ÌL
  	 P  Å¹ .Ra7_
   	# ¹O¶ÁMÀº¸\¸lº B¸aº®¼º¹0Á²ÅÁ Ú¶¹ ¶kÂa82xP"#%$ 	 QS"#%$ 2T "#%$ V _
! _ =¸aºzÅÁ²º)S"#&$ 	 S g S  _
,;_ T "#&$ ' T k_
. _ ¥¶v¸ºzÅ 0®À 	 ºh¸®Á²º  # 	 S   Â
# ¼ ý¹rÅ 0z¶v¹0¹Bº20Á¨º2. 0z¶Ä f¶v¹Bº¹0Á   	 S @ÁÚÀfºh¹ Å . .RQ$#    V
Á¨¶ T "#&$ _
&ê?{ÿ@A	
ZK   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
 +   	 Q v  V _
 o Ysbv|shoLX3u{cfgaY\glV{Y`t|{LY§¨`aodc{nzshY©Úbd`tgaYK`kg=pkoLc{na|0Yjf`)ÃglV8gaV{YyV{Y+uod¥gaV0`$x{Lnlbdu{V¤
ªÇ    	  ¼lÀf¶¸®Á²º®¼®Á {ÅÁMÀ X ºÁ 7Rºlº¹¯Å¹w»Á 7R¶ 	 º¸®Á860zºh¼ # +% ¶kÂS ý¹YP "#&$ ¼;Å\ÂhÅ£¼®Á²º®¼®Á µ¶v·f¸®¹Bº»
X ºÁ87Rºzº¹#Åv¹ . % ý¹nax_
6  ËË:9  ÍYg\3 wY b¯Úbd`tgaY+`tg;pkodc{nl|{Yj'BYhgkYY+| # bv|wx%| a ¤ 3%LoY+`gaV{nlodc{LV5o 3 o xb
`ac{{Lnlbdu{V0` P jt¤U)V{Y+naY¬odnlYd¢@3.doY+`igaV{nlodc0dV o 3 o > ;sod|{|0Y+s®glY+x sodX3uBod|{Y+|Lgz`¢bd|0xrglV{Y;Y+|{vglV
odgaV{YshoLnanlY+`auBod|0xf|{ru0bvgaV¯| P "#&$ `Yo 3 o  >f¤ 	i`;bsod|0`aY Jc{Y+|0shYL¢glV{YY|0vgaV oviu0bvgaV0`!|
P "#%$ `Rgkou{c0`9glV{Y9pkoLc{nl|{Yj!gaX3Yiov glV{Y©sodnlnaYK`tuBod|wxf|0)pkodc{nl|{Yj;| a ¤ ,iY|0sYd¢fb`aV{odnagaYK`kgªu0bglV
BYhgkYY+|8bd|j*gkªo3LYnagashY+` # &%
od S | P "#%$ `b;ÚbL`kglY+`tgpkoLc{nl|{Yj
BYhgkYY+| # bv|0x %
| a ¤
!Ë  Ë * *Úf È @   	 ºh¹ Åv¹ º 	 ¶ 	 ý¹ v¸aÅ0Àda QS e2TeV ÁMÀº!¼ý¹ º1¨¼¶·f¸ 0zºÂhÅ¼zÁ²ºh¼zÁ µ¶v·f¸®¹Bº»£¼ 0zÅ¹ X º
0z¶vÄ B·fÁ¨º2. ý¹Á8ýÄ*º  Q2Q v  V Q v  V2V _
6  ËË:9  ©|0shY9gaV{YªYhefu0bv|wxfY+xyLnlbdu{V P "#&$ Vwbd`BYY+|shoLX3u{cfgaYKx ¢vshoLX3u{cfga|{\`t|{dYh§²`aodc{nzshYÚbd`tgaYK`kg
pkoLc{nl|{Yjf`@| a shodnlnlY+`auwoL|0x{`gao!shodX3u{c{ga|{`a|{LY§¨`aodc0nlsY)`aV{oLntglY+`tg9u0bglV0`9| P "#&$ ¤@U)V{Y©shodX3u{c{glb§
gloL|ovJgaV{YK`tY9uwbgaVw`Oglbd¡dY+`  Q2Q o T "#&$ o V    Q o S "#&$ o V VB`kglYu0`+¢+V0szVy` |©glV{Y9odnz`kgs+bd`aY  Q Q v  V Q v  V Va¤
    828 M&$0"!$ ! *c, ! *;-
k", !
±²|gaV{`=`tYKs®gaod|¥¢KYª`aV{o V{oFglo\sodX3u{cfglYªbvLgaV{Yª¬odnlYX3oL`tg{pkoLc{na|0Yjf`bd|0xbdLgaV{YªÚbd`tgaYK`kgwpkodc{nl|{Y+j`
BYhgkYY+| YLYnlju0bdn Q$# &%ViovdY+ntglsY+`| oL|{Y
nlc{|¤ 	$gaV0odc{LV Ãgz`glX3YsodX3u{Yhefgkj`!`adVJglj
odnz`aYiglV0bv|gaV{Yyu0naY+Jodcw`bvdodnlgaV{X*`+¢LglV{`$shoLX;u0cfglbvgaod|8`xfoL|{Yyod|0j
oL|0shYL¤
U)V{`RbdLodnlÃglV{X1sodX3u{cfglY+`RYdY+najJglV{|0y0bdsz¡)bvnzx{`¢L`kgzbvnaga|{¬naoLXglX3Yi`tgaY+u  ¢J0bd`aY+x3oL|3gaV{Y
¬oLo|{3od0`aYnlbgaod|¥¤ 	g©b3ddY+|glX3Y`tgaY+u xq  bd|0x¬odnib3LLY|shoLc{u{Y Q$#   Vªov=dYnagashYK`¢
b!¬oLnaY+X;oJ`kg=pkoLc{na|0YjBYhgkYY+| # bv|0x   `tglbvnaga|{;¬nlodX glX3Y`tgaY+unª`YgaV{Y+nib;u0bglV8¬naoLX # gao 
bvgªglX3Y`kglYud@Ã # bv|0x   bvnlYi|gaV{Y`abdX3Y\sod|{|{YKs®glY+x
sodX3uwoL|{Y|Jg)| P  ¢odnÃg`b!u0bvgaV
¬nlodX #
glo %3bggaX3Y©`tgaYud=u{c0`ªb¬odnlYX3oL`tg¥pkoLc{nl|{Yj!¬naoLX %!glo   `kgzbvnaga|{y¬nlodX gaX3Y\`tgaY+u*g!ZL¤ ,iY|0sYd¢
bÚbd`tgaYK`kg=pkoLc{na|0Yj*BYhgkYY| # bv|0x  }`kgzbvnaga|{!¬naoLX 9`)YgaV{Y+n)b!ÚbL`kglY+`tgpkoLc{nl|{Yj*BYhgkYY+| # bv|wx
 }`tglbdntgl|{;¬nlodX /4d¢{oLn)b!¬oLnaY+X;oJ`kg=pkoLc{na|0Yj*¬nlodX # glo }`kgzbvnaga|{;¬naoLX gaX3Y`kglYuYz¤
* EBË  = MJ A  * * É H = ML
  	# ¹Pº 	 ¶ 	 ý¹> v¸lÅ20À a7_
   	# " {Åý¸z¼9Âh¶v¸aºhÄ*¶£¼®ÁOµ¶·f¸®¹Oºh»£¼Åv¹ .Å" {Åý¸z¼ªÂhÅ¼zÁ²ºh¼zÁwµ¶·f¸®¹Oºh»£¼_
+	  ¹¯Å¸®¸lÅ»   v  v  Q    V  ¶tÂ*ºlÅv¸"Úºh¼zÁ\Å¸®¸ 	 Å .LÅÁ²º®¼ ©Å¹ .rÅ¹ Åv¸®¸aÅ»   v 
v  Q  4 V  ¶tÂÄ5ý¹*ýÄ!·fÄ .dº1Å»£¼_
! _ ¥¶v¸Å fÅý¸z¼!¶kÂ 	 ºh¸®Á 60zº®¼ Q$# &%V  ºhÁ T # +%  #  	  Å¹ . ºÁ   # &%?  #  	  _
,;_ ¥¶v¸yÁBÂz¸l¶Ä `(.L¶7@¹PÁ¨¶ !4.d¶2
3 Å
4 9¶vÄ B·fÁ¨ºÁÚÀfº50z¶v¹0¹Bº20Á¨º2. 0z¶vÄ {¶¹Oºh¹wÁÚ¼¶kÂ)P  _
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ ZK
3 X 4 ¶¸Å 0z¶¹w¹Bº20Á¨º2. 0z¶Ä {¶¹Bº¹0ÁM¼'¶tÂP  .d¶2
_ ¶¸Å 	 ºh¸®Á²º  # 	  @¼ºÁ 7 Q  s # V'	 	 _
_ ¶¸Å 	 ºh¸®Á²º  % 	  R¼hºÁ 7 Q  s+%IV'	  AWKY Z    T  # &%?2/#  _
_ ¶¸Å 	 ºh¸®Á²º  # 	  0Âh¶v¸!Å 	 º¸®Á²º  %  ºhÁ T # +%U  	 7 Q  s&%V _
3 0 4 ¶¸Å${Åý¸z¼¶kÂ 	 º¸®Á860zºh¼ Q$# &%V ºÁ   # &%?2  	WKY Z Q T # +%U     # &%?2/#  V _
    :  	  Q v ] V _
 +   	 Q  v ] V _
U)V{Y bvnlnzb£j`Î bd|0x 9 `au0bv| ¬naoLXglX3Y `tgaYu1Z glo glX3Y `kglYu  !Zd¢i0cfgglV{``8od|{j¬odn
sod|dY+|{Y|0sYov |{ovgzbgloL|0`¤±²|3Úbdshg+¢bgY+bdszV3gaY+nlbvgaod|¢LªY$|0YY+x3oL|{jglV{Y©x{bvglbyodOgaX;Y\`kglYu cOd¤
U)V0YnlYh¬odnlYd¢LªY\xfo|0ovg)|{YYKx3gao;¡dY+Yu3ganzbdsz¡3od gaV{Y\X*bganlshY+`9¬naoLX gaX;Y`tgaYud% >ygao  !Zd¢`togaV{Y
`au0bLshYyshoLX;u0Yegkj*`od|{jv ] ¤
	©`$b3shod|w`tYLc0Y|0sYd¢fY\Vwb£dY©gaV{Y¬oLo|0;nlY+`ac{g+¤
6  Ë H Ë  =  =¬Ë < !   	 ºh¹Åv¹ º 	 ¶ 	 ý¹5v¸lÅ20À a QS e 2T e V ÁMÀºyÅ" fÅý¸z¼=Âh¶v¸aºÄ3¶¼zÁ0µ¶·f¸®¹Bº»£¼Åv¹ .;ÁMÀº
Å" {Åý¸z¼RÂhÅ£¼®Á²º®¼®ÁBµ¶·f¸®¹Oºh»£¼=0zÅ¹ X º 0z¶Ä w·fÁ²º2. ý¹ Á ýÄ3º  Q  v ] V _
  -  +h,!" P-R	
©c0n9shod|Jglna{cfgloL|!|;gaV{`@u0bduwY+n@naYK`kgz`=|;gaV0Y)¬odnlX3bd´|{ov b 9 %   gaV0bd|{¡f`gaoyYLod|{\dnzbvu0V0`¢
bd|0xy|Yhefu{odga|{igaV{YªX;ofxfY+Jgao©x{Y+shnlY+bL`tY=glV{Y)shodX3u{Yhefgkj©odw`tglbv|wx{bvnzxybvdoLnagaV{X*`+¤±²|yglV{`u0bduwY+n+¢
Y9¬ofsc0`a`aY+xX;oLnaYRu{naYKsh`tY+joL|pkodc{nl|{Y+j`+¢KgaV{YYheglY|0`aoL|ov{uwbgaVw`¥oLYnglX3YL¢V{szVYXBofxfY+`gaV{Y
glnlb£LYnz`abd{ov¥gaV{Y\|{Yhgkodnl¡;¬naoLX od|{Y©|{ofxfY©gao3bv|{odgaV{Y+n+¢fbd`l`aosbvga|{YKbdszV
|0¡3gao3bglX3Y`aszV{YKxfc{Yd¤
U)V0YªX3oL`tg=X3uBodnaglbv|Jg=naYK`tc0Ãgz`¥Y)|glV{YshodX3u{c{glbgloL|ovO`tV0odnagaY+`tg+¢K¬oLnaY+X;oJ`kgK¢vbv|0xÚbd`tgaYK`kgBpkodc{nl|{Y+j`
x{YuBY|0xf|{3od|8V0bvg)oL|{Ybd|Jgl`gao3X3|{X3´Y=gaV{YyV{oLuf§²shodc0|LgK¢JgaV{YbdnanlbdBx{bvgaYodn)glV{Y\gaX3Yyovb
pkoLc{nl|{YjL¤
'FY*bvnlY!shc0nanlY|Jgajrodnl¡J|{
oL|odgaV{Y+n\nlodc{gaY3xf`lshoLYnlju0naoL{Y+X*`©| glX3YKxY+dod|0dnzbvu0V0`¤
9 o$`=bv|0x Jc{Yc{YK`=odY+nY+dod|0©Lnlbdu{V0`shodc0x!u{nlodY9glowY$bd|{ovglV{Yn=|LglYnlY+`tga|{bvnlY+b©ovB`tgacwxfjygao
bd|0bvj´Yy{c{­BY+na|{*`a`ac{Y+`i| x{jJ|wbvX3s|0Yhgkodnl¡`+¤qrodnlYodY+n+¢glV{Yy¬nzbvX3Yodnl¡
od=Y+doL|{3dnzbvu{V0`
sodc{x8wY`ac{gaYKxglo3gaV{Ys+bd`aYyov=nlbd|0xfoLX bvnlbvgaod|0`ov=|{¡8shoJ`kgz`bv|0xshoL|{|{YKs®gaÃgkj¬odn$b;¬oLnaX*bv
bd|0bvjf`t`ovu{naoL{YX*`)|rxfj|0bdX3s\|{YgkªoLna¡f`ÃglVc{|{u{nlY+xfs®gzbv{YgaoLuwoLoLdj
szV0bd|{dYK`¤
 -=2*/  h"8$	
U)V0YbdcfgaV0odnz`*bvnlYLnlbvgaYh¬c0)gao 9 nl_+xf_+nas ,ib£LYhg+¢ybvnl|wbFqrbdnlsc0`+¢ ,$Y+naL_8]$bv|0o0¢)bv|0xÍ¥bdc{naY+|Jg
 ©Y+|{|{odg+¢=¬odn!dY+naj¬nac{gt¬c0)x{`lshc0`l`aoL|0`¢V{szV¯|¯u0bvnagashc0bdnYKx gaou{naY+X3|wbvnlj¬oLnaX*`odgaV{Y
bdLodnlÃglV{X | %fY+s®gloL|w¤
&ê?{ÿ@A	
d   ·3!Å¹¥º¸®¸aº1ý¸aÅÅv¹ .4fÅv¸®¸®»
  $-
Z  % ¤  V0bLxfnzb¯bv|0x 	¤ 9 YnlnlYnlb0¤ ¿ªodX3u{cfgl|0 Xc0Ãgls+bd`tgganlYYK`| xfj|0bdX3s|{Yhgkodnl¡f`*c0`a|{
Y+doL|{!Lnlbdu{V0`+¤@]Y+`aY+bdnlszV8]YuBodnagJ  Zd¢±  ]$± 	¢wddL{¤
   U¤¿ªodnlX3Y|¢ ¿©¤wÍ¥Y`tY+nl`aod|¢Bbv|0xr]¤w]dYK`kgK¤ "®¹0Á°¸a¶.· 0Á8Ú¶v¹PÁ²¶   L¶v¸ýÁÚÀJÄ¼ ¤iU)V0Y!q±kU m@nlY+`l`¢
ZKdL{¤
  ¿©¤ %fszV{Y+x{YYnK¤¥qofxfY`ªbd|0x;gaYKszV{|{Jc{Y+`R¬odnshodX3X!c{|{sbgloL|*|xfj|0bvX3s$|{YgkªoLna¡f`+¤w±²|±²|4,¤
	iÃg)bv|0x 	¤ 9 Y+nanlYnzb{¢vYKxfÃglodnz`¢ ¸a¶0lºzº2.ý¹>¼¶kÂ$ÁMÀº !vÁMÀ "h¹0Á²ºh¸®¹OÅÁ Ú¶¹OÅ 
w»Ä f¶¼2ý·fÄ ¶v¹B`Àºz¶
¸lºhÁ 60zÅ  ¼+fº20ÁÚ¼i¶kÂ @¶vÄ B·fÁ¨º¸ 
 01Úº¹ 0zº ¢LdoLc{X3Y$ddL{¢u0bvLY+`9 K³JJ{¤%u{nl|{LYna§  @Y+nabvw¢vqrbvnzszV
ddJf¤
   Î$¤Î@¡sh°¢±®¤ 9 ¤ 	$¡jxf´d¢$bv|wx q ¤ !¤  Y+|0xfYnK¤ ©bvglbvLnlbdX nlodcfgl|{¦bvdodnlgaV{X ¬oLnÍÎª
`lbglYgaYy|0Yhgkodnl¡`+¤±²| "     "h¹+Âh¶0z¶Ä ¢{u0bvLY+`$dd£³{vL{¢JddL{¤
   	¤ 9 YnlnaY+nzb{¤B©|3X3ofxfY`9bd|0x!bdLodnlÃglV{X*`¬odnRx{jJ|wbvX3ssodX3Xc0|{s+bgloL|!|{YgkªoLna¡f` ¥U)V{Y$s+bd`aY
¬oLn)YdoL|{Lnlbdu{V0`+¤±²| ¸a¶ 0zºzº2.ý¹>¼¶kÂ " ¸aº¹ 0z¶¹wÁM¸lº®¼=Âz¸aÅ¹ 0l¶0Àf¶¹Bºh¼¼®·f¸ ºh¼  ¼+fº20ÁÚ¼   L¶
¸ýÁMÀLÄ Z·0º®¼ .dºh¼ `	1
20z¶Ä;Ä!·f¹*60lÅvÁ8Ú¶v¹{¼ 3  N  `   N , , 4 ¢uwbvdYK`Z£d£³BZ 0Zd¢OqW´+Yd¢ 9 nzbv|wshYd¢
q b£jvLLf¤±  ]± 	}m@nlY+`l`¤
   	¤ 9 Y+nanlYnzb{¢0¤bvgaYnK¢ªbd|0xm¤RmY|{|0b0¤'U¥oLuwoLoLdsbvxfYK`td|¥¢Rnlodcfgl|{ bd|0x Vwbv|0xfoLYn3|
`lbglYgaY)|{YgkªoLna¡f`+¤d±²|;±®¤%JgaodpkX;Y+|{osd¢Y+xfgaoLn+¢ Å¹ . X ¶+¶#y¶tÂ 0 ý¸lººh¼z¼!ºhÁ 7R¶¸2#K¼iÅ¹ . #¶ X º
9¶vÄ B·fÁ8ý¹> ¢wu0bvLY+`>  ³JJ  ¤dodV{| ' Yj8bv|0x %oL|0`+¢0vdJf¤
   	¤ 9 Y+nanlYnlbPbv|0x¦Í9¤  iY|0|{ovgK¤ 	|{ovglYoL| X3ofxfY`¢bvdoLnagaV{X*`+¢9bv|0x¦x{bgzbP`tganlc0shgac{nlY+`¬odn
x{jJ|wbvX3sysodX3Xc0|{s+bgloL||{YgkªoLna¡f`+¤UY+szV{|0s+bv]Y+uwoLntg$LL  ¢L±  ]± 	¢OvLLf¤
   ÍR¤ 9 Y+`aV{Y+n)bd|0xqrbvnaga| %f¡Jc{gaYb{¤@U)V{Y Jc{sz¡LY+`tgX!c{gashodX3X3ofxfgkj ;0o u0naoL{Y+X¤±²| ¸a¶0 _
¶tÂ"     , ¢BddJf¤
   ÍR¤ ]¤ 9 odnzxbd|0x !¤ ]y¤ 9 c{¡dY+nl`aod|¥¤=¿ªod|w`kglnac0shga|{X*bveX*bv xfj|0bdX;s ;0o$`ª¬naoLX `kgzbgas ;0o$`¤
 {ºh¸lÅÁ Ú¶¹{¼©º®¼ºzÅ¸ 0hÀ ¢*  0Z+³J   ¢wZ+Jv{¤
Z+  ÍR¤ ]¤ 9 oLnlx8bv|0x!¤ ]¤ 9 c{¡dY+nl`aod|¥¤ ¶7=¼ ý¹ºÁ 7R¶¸2#K¼ ¤9m9na|0shYgaoL|8«i|{LYnz`tgkjm@nlY+`l`+¢ Z+ Jf¤
ZdZ  0¤ ,iodX¢ 3¤ iYPÍszVLglY|BYnl0¢bv|0x'q ¤)U)V{oLnac{u¥¤ modjJ§°odJbvnlÃglV{X3sxfYgaYnlX3|0`tgas¬c{jJ§
x{jJ|wbvX3s\bvdoLnagaV0X3`9¬odnshoL|{|{YKs®gaÃgkjL¢LX3|{Xc{X `au0bd|{|{|{glnaY+Yd¢{£§¨Y+xfLYd¢bv|0x
{sod|{|0Y+s®glJ§
gkjd¤ {¶v·f¸®¹BÅ¶kÂÁMÀº  # ¢{J ½ J¾ "v  ³ d0¢Jdd{ZL¤
ZK  Î$¤ dV0Y+n+¢ 3¤Íbv|{L¡bvc¢@bv|wx¯q ¤%¡cfgaY+b{¤U)X3Yh§¨Yhefu0bd|0xfY+x¯dnzbvu{V0`y¬odn ;wo)§¨xfY+uwY+|0xfY+|Lg
glnlbd|0`aÃgglX3Y+`+¤@±²| w¸a¶0_   
    , ¢OvLLf¤
Z  Î$¤ dV{Ynªbv|0x
q ¤ %¡cfglYb0¤ 9 o$`9oLYn=glX3YigaVoJbdx§²xfYuBY|wxfY|Jg9glnlbd|0`tg9glX3Y+`+¤O±²| ¸a¶0 _
¶tÂÁÚÀfº !.vÁMÀ  ¹0¹w·0Å   #  
 "  # 
w»Ä {¶£¼ý·fÄ ¶v¹ ¼10¸aºÁ¨º   L¶v¸ýÁÚÀJÄ¼ ¢u0bvLY+`8Z ³OZ+  ¢
ddJf¤
¬ù  
  Á°¸aºÄ3Å{¶·f¸®¹Bº»£¼ý¹  
	 ¶ 	 ý¹)¸aÅ0ÀL¼ {Z
Z  ÍR¤  iY|0|{ovgK¤ª]oLcfglbddYY|JganlYynlodBovgl`x{od|Jg$YK`xf_u0bLshYX3Y+|Lgz`$`aod|Jg$shod|0|Jcw`³«$|rYhefY+X;u0YxfY
Lnlbdu{V{Yyxfj|0bdX;Jc{Yd¤@]_+c{|{od|rU	i]$\U¢{Î  %{U¢0m=bvnl`+¢  oLYX0naYyvL{Zd¤
ZK  m¤ § 0¤$' bv|¢ ;¤B¿bv|0Y+`lshc¢!¤0Í°¢0bv|wx!¤ 9 naY+xfY+n+¤Rqr|{Xc0X!§¨Y|0Ynldj*{nloLbLx{sbL`kg)naoLcfga|{3|
`tglbvgasybdx8V{ofsnaY+YK`a`)|{YgkªoLna¡f`+¤@±²|  ¸a¶0_ "     "®¹+Âh¶0z¶Ä ¢0u0bddYK`ZdZ JK³OZdZ fZd¢ 	$|0szV{oLnlbddYL¢
	ibL`t¡b0¢0vd0Zd¤
Z   q ¤ 'PY+na|0Ynbv|wx ;¤q bvnzbv°¤;Unlb 
s=;wo$`ybv|0xFxfj|0bvX3s;naoLcfga|{| Yo|LglYnz`abvgaY+ÃglY3|{¡
|0Yhgkodnl¡`+¤¥±²| "®¹  ¸a¶ 0zºzº2.ý¹>¼ÁMÀ "®¹wÁ¨º¸®¹BÅvÁ8Ú¶v¹BÅ # ¶ X º 
 ÅÁ²º ýÁ¨º @¶v¹+Âhº¸aº¹ 0zº 3 " #
    4 ¢
m=bL`abLxfY|0b0¢w¿bvÃ¬oLna|0b0¢« %	¢ vc{|0Y*Z+d>¤
Z   q ¤ 'FYnl|{Y+n;bd|0x 9 ¤ 'Fbdc Jc{Y+´d¤¯¿bvu0bLshgkj xfX3Y+|0`tod|0|{Pov$±&%fÍ |{YgkªoLna¡f`|¯{nloLbLxf0bd|0x
ÍÎª `lbgaY+gaY!`ajf`kglYX*`+¤i±²| 
   ÁMÀ"®¹wÁ¨º¸®¹BÅvÁ8Ú¶v¹BÅ#¶ X º 
 ÅÁ²º ýÁ¨º 9¶v¹+Âhº¸aºh¹ 0zº-2;" #
   ¢
uwbvdYK`   ³  0ZL¢igtgzb£b0¢0¿bv|0bLx{b{¢ dc{|{Y3Z+Ld0¤
Z+  0¤3' Y+`aYgaV{YnK¢ ;¤  dc0jdY|¥¢bd|0x	¤{Î@u{V{nlYX3xfY+`+¤9©|
gaV0Ysod|0`tganlc0shgaod|
odY|0YnldjJ§°Y
shY|Jg
0naoJbdx{s+bd`tgbv|0xX!c{gasbd`tgglnaY+Y+`| nlYY+`l`
|{YgkªoLna¡f`+¤}±²|  ¸a¶0 _"     "h¹+Âh¶0z¶Ä ¢iu0bddY+`
dL£³fvd0¢U¥Y+ 	¥O¢wvLd{¤
&ê?{ÿ@A	
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
